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Of the STRENGTH of ACIDS, and the PROPORTION of 
INGREDIENTS in NEUTRAL SALTS. By RICHARD 
KI RWAN, Efq; F. R. S. and M. R. I. A. 



X HE fcience of nature undoubtedly owes its origin folely Read Dec. 
to obfervation and experiment. But when it hath made a cer- 24 ' 179 °* 
tain progrefs, the knowledge already acquired becomes a pow- 
erful inftrument for making ftill greater advances. This is 
evident in the chemical as well as in the mechanical branches 
of this fcience. Hence its cultivation prefents a double object, 
viz. either the application of the powers already gained to the 
arts fubfervient to human ufes, or the improvement of the 
inftrumentality or power itfelf by which fuch discoveries are 
enacted. The merit of the former, if fuccefsful, is undoubtedly 
the moft apparent and (hiking ; but that of the latter is no lefs 
folid, and the neceflary procefles infinitely more delicate. The 
fuccefs of the former is often due to chance, the defign of the 
latter is to diminifh and finally to annihilate all dependence on 
chance. In chemical refearches, all difcoveries, not merely for- 

B 2 tuitous, 
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tuitous, are grounded on the known properties of the agents 
employed, among which acids and falts are by far the moft 
univerfal ; but to apply thefe with fecurity, their quantity, 
proportion and ftate, whether of concentration or dilution, 
fhould be afcertained with fome degree of accuracy ; this, how- 
ever, is allowed to be a problem of great difficulty, and few 
have attempted to folve it. Not aware of the obftacles it pre- 
fented, but fully fenfible of its importance, it has attracted my 
attention, and employed much of my leifure thefe ten years 
paft. My firft efTays are already known to the public ; their 
defects and imperfections were fignified to me in the moft 
obliging manner by Meflrs. Morveau and Berthollet, men with 
whofe merit no part of Europe can be unacquainted. The 
methods I have fince contrived to remove thefe imperfections, or 
at leaft to diminim the aggregate of errors, form the fubject of 
this paper*. 

§ i. Of the Proportion of Add in the Mineral Acids, 

Of the Marine Acid. 

ioc cubic inches of marine acid air weigh as nearly as I 
could eftimate 60 grs. barometer 29,6, thermometer 57 . 10 grs. 
of water abforb 10 of this air, bar. 29,6, ther. 49 . The fpirit 
of fait thus formed occupies the fpace of 13,3 grs. nearly; hence 

its 



* This paper was prefented laft April, and would have been read, had it not been that 
Mr. Pouget's letter, or which much of this is grounded, had been miflaid. 
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its fpecific gravity is 1,500 nearly, and the fpecific gravity of the 
pureft marine acid in its condenfed itate is 3,0 



# 



I could not obferve whether the abforption of this air pro- 
duced heat ; inoft probably it did, but this is no proof that the 
condenfation was greater than that found by calculation. 

The fpecific gravity of the ftrongeft marine acid that can 
eafily be procured and preferved is 1.196. 100 parts of this will 
be found by calculation to contain about 49 of that whofe fpe- 
cific gravity is 1,500, and which I call the ftandard of the 
marine acid. The error arifing from condenfation will fcareely 
exceed 1 or 1,5 grs. per cent. ; by mixing this fpirit of fait with 
different proportions of water I have had the refults from which 
the enfuing table is calculated- 



Table 



* Let D= die denfity of a mixture, m the weight of die d'enfer ingredient, d its denfity, 
/ the weight of an equal bulk of water, and m', d' and P the fame elements of the rarer. Then 

D=- - . In the. above cafe m-(-m'=20, and /-f-^=M 3,3, then D= = i»5« 

Now to find the fpecific gravity of the- condenfed marine acid air; the denfer ingredient, we 

t c l i_ • 1 rn-\-m'~ I'D 5 , , m iO , . , ,. e 

have from the above equation, /= — — — = = 3>3> an " » = / = — — 3»o3» which dif- 
fers but little from the refult in my firft paper. But a miftake of mere inadvertance had crept 
into the fubfequent calculation, 1 562 having been taken for 1502, and in confequence 122 was 
inferted inftead of 62. Thus inftead of 1562 — 1440=122, it mould be 1502 — 1440=62. 

Then m'= 1440. /'=— — =1175,51. w=62. /= — =20. then D or the denfity of the 
1502 l >225 3,1 

mixture = =1,256, nearly the fame as in my firft paper. 
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Table of the Quantity of Standard. Acid 1,500 in Spirit of Salt of 
inferior Denjity. Temperature 6o°. 





Parts 




Parts 




Parts 


100 Parts. 


Standard. 


100 Parts. 


Standard. 


100 Parts. 


Standard. 


1,196 - 


- 40 


1,147 ~ 


- 37 


I, IO-76 


26 


1,191 


- 48 


1,1414 


- 36 


1,0984 


" 25 


1,187 - 


- 47 


1,1396 • 


- ~ 35 


1,0942 


24 


l,l83- 


- 46 


1,1-58 


34 


1,0910 


" " 23 


*,179 " 


- 45 


1,1320 • 


- 33 


1,0868 


22 


1S75 


44 


1,1282 


3 2 


1,0826 


- 21 


1,171 - 


- 43 


1,1244 


- - 31 


1,0784 


20 


1,167 


42 


I,I2o6 


3° 


I,0?42 


- J 9 


1,163 ~ 


- 4 1 


I,Il68 


- 29 


1,0630 


16 


1* 1 59 


40 


1,1 I20 


28 


r ,°345 


- 10 


W5 - 


- 39 


1,1078 • 


- 27 


1,0169 


5 


1,151 


- 38 











To find the fractions between any two quantities of ftandard 
in the table *, as far as one decimal place, find the difference 
between the denfities correfponding to the integral quantities of 
ftandard, and divide that difference by 10. This gives a 
quotient which added fucceflively to the lower denfities or 
fubftracted from the higher, gives the denfities correfponding 
to the intermediate mixt quantities of ftandard. 



Of 



* Though the formation of this table coft me much more trouble than any of the 
fucceeding, yet I fear it is much more imperfe£t, as in the fucceflive examination of the 
denfities my balance was frequently deranged by the repeated a£tion of the fumes of 
the acid. 
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Of the Vitriolic Acid, 

It was obferved to me fome years ago by the very able and 
eandid philofophic chemift, Mr. De Morveau, that the denfities 
accruing to mixtures of this acid with water, greater than found 
by calculation, mould principally be afcribed to the condenfation 
of the aqueous part, rather than to that of the acid part, as I 
had done. I felt the juftice of this obfervation, which fub verted 
the inferences on which I had grounded my former calculations. 
I was, however, much embarraued to find a more unexception- 
able method of forming tables on which I was fenfible much 
of the precifion requifite in chemical analyfes depended, until 
I attended to Mr. Pouget's curious letter, lately read to the 
Academy*. I neither could make nor procure oil of vitriol 
whofe fpecific gravity is 2,000 in the temperature of 60?. 
Yet in cold climates this acid has frequently been produced j 
and as it is the ftrongeft or nearly fo than can be exhibited 
by art, I take it as the ftandard of the ftrength of all other 
acids of this kind. From the multitude of experiments I have 
made with acids of inferior denfity, as 1,8846, 1,8689, 1*8042, 
1,7500, I have reafon to think that the condenfation of equal 
weights of this ftandard acid and water amounts to l_of the 
whole. Then by the applications of Mr. Pouget's formulas for 
inveftigating the accrued denfities of inferior proportions of 
acid and water, the fuccemve increments of denfity will be 

found as follows : 

Parts 

* And now publiftied in the Tranfa&ions for 1789. 
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Parts 




Increments 


Water. 


Standard. 


of Denfity* 


5 


95 


,0252 


10 - 


- 90 - 


- »o479 


*5 


85 - 


,0679 


20 - 


- 80 - 


- , 856 


35 


7S 


,0699 


30 ~ 


- 70 - 


- ,1119 


35 


65 " 


,1213 


40 - 


- 60 - 


- ,1279 


45 


55 


> r 3i9 


50 - 


- 50 " 


- > l 333 



By adding thefe increments to the fpecific gravities found by 
calculation, and taking arithmetical mediums for the interme- 
diate quantities of ftandard, I made out the firft fifty numbers 
Of the following table ; the remainder was formed by actual 
observation in the following manner, premifing that the fpe- 
cific gravities were always taken between 59,5° and 6o°, or at 
moft 60,5° of Farenheit. 

if!:, I found by the preceding part of the table that 100 
parts oil vitriol whofe fpecific gravity was 1,8472 contained 88,5 
parts ftandardj confcquently 400 grs. of this acid contain 

354- 

2d, I then took 6 portions of this acid, each containing 
400 grs. and added to them as much water as made them con- 
tain refpe&ively 48. 46. 44. 42. 40. and 38. grains ftandard. 

To 
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To find the proportion of water that fhould be added to each 
portion of acid, in order that it fhould contain the given pro- 
portion of ftandard, I ufed the following analogy : let the quan- 
tity of water to be added to 400 parts of the acid that the 
mixture may contain 48 per cent, ftandard be x. 

Then 400+tf. 354 : : 100. 48, then 19200+48^=35400. 
And 48^=35400 — 19200=16200. And x= — -—=337,5 

In this manner I found the quantities of water to be added 
to each of the other portions. The mixtures being made, they 
were fet by for four days, ftirring them with a glafs rod (that 
remained in them) each day, and the 5th day they were tried; 
after which the half of each was taken out and as much water 
added to them, and then fet by for three days, by which means 
the fpecific gravities correfponding to 24. 23. 22. 2r. 20. and 19. 
per cent, ftandard were found, after which 6 more portions of 
400 grs. each of the concentrated acid, whofe fpecific gravity 
was 1,8393, were taken the proper proportion of water added 
to each, and after three days reft and repeated agitation, their 
denfities in temperature 6o c were examined as above, by which 
means the fpecific gravities correfponding to 36. 34. 32. 30. 28. 
and 26. per cent, ftandard were obtained, and half thefe portions 
mixed with half water exhibited, after three days reft and 
agitation, the denfities correfponding to 18. 17. 16. 15. 14. and 
13. per cent, ftandard in the above temperature. The balance 
I ufed turned with T ' T of a grain when charged with two ounces, 

Vol. IV. C and 



[ 10 ] 

and the folid employed was a fmall glafs ball containing mercury 
which loft 27,88 grs. of its weight when weighed in water in 
temperature 56 , fufpended commonly by a horfe-hair, but when 
dipped in ftrong nitrous and marine acids it was fufpended by 
a fine gold wire, and then loft 27,78 grs. of its weight in 
water. 

I also examined and rectified, in fome inftances, many parts 
of the firft 50 numbers of the table in the fame manner, but in 
general I found them juft. 



Table 



[ 
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Table of the Quantity of the Jlandard vitriolic Acid 2,000 in Oil 
or Spirit of Vitriol of inferior Denfity. 





Standard 


100 Parts. 


Temperature 6o°. 


2,000 


IOO 


1,9859 


99 


i>97 J 9 


9 8 


i>9579 


97 


1,9439 


9 6 


1,9299 


95 


1,9168 


94 


1,9041 


93 


1,8914 


92, 


1,8787 


91 


1,8660 


90 


1,8542 


- 89 


1,8424 


88 


1,8306 


- 87 


1,8188 


86 


1,8070 


- 85 


I »7959 


84 


1,7849 


- 83 


i,7738 


82 


1,7629 


8r 


^75i9 


80 


1,7416 


79 


1,731* 


78 


1,7208 


77 


1,7*04 


76 


1,7000 


- 75 


1,6899 


74 


1,6800 


73 


1,6701 


72 


1,6602 


71 


1,6503 


70 


1,6407 


- 69 


1,6312 


68 



100 Parts. 



Standard. 



1,6217 
I,6l22 
1,6027 

^,5932 
1,5840 

1,5748 
1,5656 

1,5564 

r >5473 

i>5385 
1,5292 

1,5202 

1,5112 

1,5022 

M933 
1,4844 

W5S 
1,4666 

1,4427 

1,4189 

1,4099 

1,4010 

1,3875 
i,374i 
1,3663 
i,3586 

i,3473 
i,336o 

i,3254 

i,3H9 
1,3102 

1,3056 

1,29s 1 



67 
66 

65 
64 
63 
62 
61 
60 

59 
58 

57 
56 

55 
54 
53 

52 

5 1 

5° 

49 
48 

47 
46 

45 
44 

43 
42 

4i 
4o 

39 
38 

37 
36 

35 



100 Parts. 



Standard. 



,2847 

.2757 
,2668 

,2589 

,2510 

,2415 
,2320 

,2210 

,2101 

,2009 

,1918 

,1836 

,1746 

,1678 

,1614 

» T 53 r 

.1398 

,1309 
,1208 

,1129 

,1011 

'°955 



,0896 

,0833 
,0780 

,0725 

,0666 

,0610 

.0555 
,0492 
,0450 

,0396 

,0343 



34 

33 
32 
3i 
30 

29 

28 

27 
26 

25 
24 

23 
22 
21 
20 

*9 
18 

17 
16 

15 
H 

13 



C 2 



12 
II 

IO 

9 

8 

7 
6 

5 

4 

3 
2 

The 



I 



12 



] 



The laft eleven numbers were only found by analogy, ob- 
ferving the feries of decrements in the four preceding denfities, 
and therefore are to be confidered barely as approximations. 

To reduce vitriolic acids of given densities at any degree of 
temperature between 49 and 70 to that which they fhould 
have at temperature 6o°, in order that their proportion of 
ftandard may be thereby inveftigated, I made the following ex- 
periments : 



Degrees of 


Sp. Gr. of 


Sp. Gr. of 


Sp. Gr. of 


Temperature. 


A. 


B. 


C. 


70° 


1,8292 


1,6969 


1,3845 


65° 


1,8317 


1,6983 


1,3866 


60 


1,8360 


1,7005 


1,3888 


55 


1,8382 


WSJ 


1,3898 


50 


1,8403 


1,7003 


_ 


49 


1,8403 


^ ^ 


1,3926 



Hence we fee that vitriolic acid, whofe denfity at any degree 
between 49 and 70 refembles or approaches the correfponding 
denfity in the column A, gains or lofes 0,00126 of its fpecific 
gravity by every two degrees between 6o° and 70 of Farenheit, 
and 0,00086 by every two degrees between 490 and 6o°. 



Secondly, that any vitriolic acid, whofe denfity at any degree 
between 50 and 70 refembles or approaches to the correfpond- 
ing denfity in the column B, gains or lofes 0,00158 for every 

two 
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two degrees between 6o° and 70 ; and 0,00 1 7 by every two 
degrees between 50 and 6o°. Whence it appears that the 
ftronger acid is lefs altered by variation of temperature than 
the weaker, which formerly appeared to me an irregularity, but 
now feems to proceed from the increafe of the accrued denfity, 
when larger proportions of water are mixed with the ftronger 
acid. 

Thirdly, vitriolic acid, whofe denfity at any degree between 
50° and 70 refembles the correfponding at the fame degree in 
the column C, gains or lofes, 0,00086 for every two degrees between 
6o° and 70 inclufively, and, 0,00076 between 50 and 6o°. Be- 
tween 45 and 50 I could perceive no difference. 

Of the Nitrous Acid. 

THE fpecific gravity of the moft concentrated nitrous acid I 
eould produce was 1,5543 in the temperature of 60 8 : It was of a 
yellowiih red colour, and fo highly phlogifticated and volatile, that 
it was impoflible to make accurate experiments upon it, when 
mixed with fmall proportions of water ; but when mixed with an 
equal weight I found its encreafe of denfity to be about T ' T of the 
whole. Hence I formed the firfl fifty numbers of the fubfequent 
table by calculation, according to Mr. Pouget's formula, and the 
remainder by experiments, conducted, as already mentioned in 
treating of the vitriolic acid. The temperature at which the den- 
fities were examined was always between 59,5° and 6o°, feldom 
60,5°. The acid I ufed was the pale yellow acid, whofe fpecific 
gravity was 1,4099, but the firft I confidered as the ftandard. 

Table 
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Table of the Quantity of Nitrous Acid whcfe Denfity is 1,5543 
Spirit of Nitre of inferior Denfties. Temperature 6o°. 



in 





Parts ' 




Part3 




Parts 


100 Parts. 


Standard. 


100 Parts. 


Standard. 


100 Parts. 


Standard. 


J'5543 


IOO 


I,40l8 


70 


1,2586 


44 


!'5295 


95 


I >3975 


69 


1,2525 


43 


1,5183 


94 


J'3925 


68 


1,2464 


42 


1,5070 


93 


1,3875 


- 67 


1,2419 


41 


M957 


92 


1.3825 


66 


1,2374 


40 


1,4844 


91 


J '3775 


- 65 


1,2291 


39 


J'4731 


90 


i,372i 


64 


1,2209 


38 


i'47 r 9 


89 


1,367! 


- 63 


I,2l8o 


37 


1,4707 


88 


1,3621 


62 


1,2152 


36 


1,4695 


87 


I >357 1 


61 


1,2033 


35 


1,4683 


86 


i,352i 


60 


1,2015 


34 


1,4671 


85 


1,3468 


59 


1,1963 


33 


1,4640 


- 84 


i,34i7 


58 


I,I9II 


32 


1,4611 


83 


i,33 6 6 


57 


1,1845 


3 l 


1,4582 


82 


J ,33 x 5 


56 


M779 


30 


I »4553 


81 


1,3264 


55 


1,1704 


29 


1.4524 


80 


1,3212 


54 


1,1639 


28 


i'447 J 


79 


1,3160 


53 


1,1581 


*7 


1,4422 


- 78 


1,3108 


5 2 


i,i5 2 4 


26 


M373 


77 


i,3°5 6 


5 1 


1,1421 


25 


i,4324 


- 76 


1,3004 


5a 


1,1319 


24 


i,4275 


75 


1,2911 


49 


1,1284 


23 


1,4222 


74 


1,2812 


48 


1,1241 


22 


1,417! 


73 


1,2795 


47 


1,1165 


21 


1,4120 


72 


1,2779 


46 


1, mi 


20 


1,4069 


71 J 


1,2687 


45 


1,1040 


19 



As 
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As the fpecific gravity of the nitrous acid varies confiderab.y 
in different temperatures, to find the connexion which its denfity 
at any temperature between 45 and 70 ° has with its denfity at 
60% and thereby to difcover its proportion of ftandard, I made 
the following experiments : 



Degree of 


Sp. Gr. of 


Sp. Gr. of 


•Temperature. 


A. 


B. 


700 


1,4178 


1,2320 


65 


1,4*25 


1,2342 


60 


1,4279 


1,2363 


55 


1,4304 


1,2384 


5° 


i,433 6 


I,24o6 


45 


!>4357 


1,2417 



I ft, Hence we fee that fpirit of nitre, whofe denfity at any 
degree between 45 and 7o° > ,inclufively, refembles the corres- 
ponding denfities at the fame temperatures in the column A, 
gains or lofes 0,00107 by every degree between 6o° and 70 . 

And o,ooo$7 by every degree between 50* and 6o°. 

And 0,00042 by every degree between 45 and 50 . 

ad, That fpirit of nitre, whofe denfity at any degree between 
45 and 70 refembles the correfponding denfities at the fame 
temperature in the column B, gains or lofes 0,00043 by every, 
degree between 50 and 70 . 



And 0,00022 by every degree between 45 ° and 50 . 



§ 2. 
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§ 2 . Of the Proportion of Ingredients in Neutral Salts formed with 

common Mineral Acids. 

THIS problem involves all the difficulties of the former, befides 
fome that are peculiar to it. For fuppofing the proportion of acid 
to be given, it ftill remains to determine the flrength of that acid, 
elfe the word prcfents no definite meaning. This can be done 
only by reference to fome known ftandard. The ehemifts whofe 
inquiries have preceded or accompanied mine, have confidered the 
acid retained by neutral falts in a red heat as the jlrongefl 
fofjible. But unlefs all thefe falts pofTefs the fame power of re- 
taining acids in a red heat, this term muft have a different 
fignification when applied to each, and confequently prefent no 
determinate idea. Now it is well known that different neutral 
falts poflefs this power in different degrees ; befides the term red 
heat is a term of great latitude, and comprehends degrees of heat 
very diftant from each other. 

The determination of the proportion of water in thefe falts, 
on the fuppofition that they all neceflarily contain fome, is at- 
tended with nearly the fame difficulties. It has generally been 
fuppofed that the weight loft by neutral falts when expofed to a 
red heat, expreffed the quantity of water of cryftallization, but it 
is now known that fome of them lofe part of their acid as well 
as their water in that heat, to fay nothing of the difficulty of 
conflantly employing the fame exact degree in all cafes, or if it 
could be employed, of fuppofing that they all poflefs the fame 
power of retaining the aqueous part. Even the ancient opinion, 
that cryftallization neceflarily implies the prefence and retention 

of 
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of water, is deftitute of foundation, fince it is now known that 
cryfials may be formed in the dry way ; even many of thofe 
formed in the moift way, as moil ftoney cryftals, retain no per- 
ceptible quantity of the liquid in which they were formed. 

Determined by thefe confiderations, I have abandoned in a 
great meafure the antient method, and have fubftituted the fol- 
lowing : Firft, I faturate a known quantity of alkali or other 
bafis with an acid whofe fpeciflc gravity is known, and whofe pro- 
portion of ftandard is determined by the tables. I then make 
another folution of a known quantity of neutral fait of the fame 
fpecies as that formed by faturation, and examine the fpeciflc 
gravity of both folutions in the fame temperature, adding water 
to the ftronger of the two, until their denfities become equal, 
and thence infer that an equal proportion of fait exifts in both, 
but the proportion in one of them is known ; and therefore the 
proportion in the other, the weight of the whole being found, is 
alfo determined. Even this method is fubjedt to a fmall inaccu- 
racy, for a flight excefs of acid is always left, leaft any lofs of 
liquor fhould enfue from trials of faturation with vegetable 
blues, and this renders the denfity of the folution of the regene- 
rated fait fomewhat greater than would enfue from the propor- 
tion of fait it contains, befides that in many cafes the proportion 
of water of cryftallization muft be difcovered by expofure to 
heat. 



Vol. IV. D Of 
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Of Tartar Vkriolate, 

MY firft care was to procure * pure vegetable alkali ; with 
this view I burned a quantity of cream, of tartar in a fil ver cru- 
cible, and after fojutfon, jjUttatiojn and evaporation, to drynefs in 
a red heat,. I found the alkali to weigh 1 523,5 grs. This I dif- 
folved in dialled water, the whole then weighed 4570 grs. Of 
this folution I took 369 gts, which contain 1 20 of mild alkali 
an^'fetur^pd it wjtji oil pf .vJtript ^ref^ljy pufifi^d, whofe fpecific 
gravity Was i|gp^ ?? aB# which by my table contains 61 per cent. 

ftandjrd ja^^i jfe S W tity cm jR% e ^, ; ^ mou ^ e f ; * f ° '•* 3°. § rs ' 
which contained ^. ftandard, X^ fijsed air ejcpelJLed, amounted 

to '$jj. grs, ; ajwi_ tljerejors the quantity of real alkali was 

jao-^34?==?$|T8. The lo)u,tion being turbid J diluted it with more 

Ta * u J^ ^%)fe r %!?^^ h A ^ ^t^°^3^3^3^~3694 ,g«. 
^. jpj|y. o|| . ^t^ir, yitrjolate diiTolved in , ioi 7 of diftilled water 
haji the Ump feg^vity, temperature 6o°. Hence the proportion 
of- fait in each Solution was equal. But in this laft the quantity 

o£'fe& "*m — -*£» then the quantity of fait in the former wa9 

5»^asi 56,52 grs. Now of this quantity only 86 were alkali, there* 

fore the remainder, viz. 70,5, were acid or acid and water. The 
quantity of acid employed in the faturation contained 7*9 grs. 
ftandard, but the acid taken up amounted only to 70,5 grs. 
therefore 8,5 were rejected, and confequently were mere water, 
therefore the acid taken Up is ftropger than ftandard j and fince 
79 parts ftandard lofe 8,5 by union with pure vegetable alkali, 

100 
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loo parts ftandard fliould lofe 10,75. or ^9,2 5 parts of acid of 
the ftrength of that which unites to veg. alkalies, and is found 
in tartar vitriolate; contains as much real acid as 100 parts ftan- 
dard. And hence 100 parts of this ftrong acid are equivalent to 
112 of ftandard. Therefore 100 parts cauftic dry veg. alkali 
take up nearly 92 of ftandard vitriolic acid, or 82 nearly of the 
ftrongeft vitriolic acid, and aftbrd 182 of tartar of vitriolate in 
its common dry cryftallized ftate. This laft conclufion is the moft 
certain, being independent of any error in the calculations of the 
table. 

100 parts tartar vitriolate contain 55 of mere alkali and 45 of 
the ftrongeft acid, equivalent to about 50,42 of ftandard. 

Hence there is no reafon to fuppofe that this fait contains 
any water of cryftallization, but rather the contrary. In a heat 
below ignition it lofes no part of its weight, and in a red heat 
continued for half an hour it falls into powder, but 100 grs. loft 
only one, which might have been diflipatcd or have been only 
fome accidental moifture or impurity, or part of its acid. Mr. 
Storr remarked that it loft no water of cryftallization in any 
degree of heat under 590. % Nev Entdeck. 227. 

To compare the refults of this mode of inveftigation with 
thofe of that which I formerly ufed, I evaporated the faturate 
folution to drynefs, ufing at the end a beat of 360*, The fait 
thus formed weighed 158 grs. which increafe of weight may be 
owing to duft fallen in during the evaporation. I alfo made a 
few experiments to afcertain the accuracy of my table, of which 

D 2 I fhall 
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I fhall relate onjy one. To 654,5 grs. of the folution of the 
vegetable alkali which contained 218,16 of mild alkali, I added oil 
of vitriol, whofe fpecific gravity was 1,5045, and consequently con- 
tained 54 per cent, ftandard, and of this I found that 270 grs. 
were requifite to faturate the alkali, with a fmall excefs of acid 
as ufual. The air difengaged amounted to 61,8 grs. confe- 
quently the quantity of pure alkali was 156 grs. the quantity 
of ftandard in that of the oil of vitriol employed was 
145,8 grs. and if 156 of alkali take 145,8 of vitriolic ftandard, 
100 of the alkali fliould take 93 ftandard. 

As this fubjed is intimately connected with many others of 
great importance, fuch as the analyfis of mineral waters, the 
theory of dying, the caufes of cryftallization, deliquefcence, refri- 
gerating powers, and fblubility of neutral falls, both in water, 
*nd fpirit of wine, I fhall fubjoin the different refultsof the few 
chemifts that have attended to this object, with fbme remarks 
to enable the chemical reader to form his judgment there- 
upon. 

According to Mr. Bergman, 100 parts tartar vitriolate con- 
fift of 52 pure alkali, 40 acid and 8 of water. At this rate 
100 parts pure vegetable alkali take up about 77 of the ftrongeft 
vitriolic acid, yet he elfewhere fays they take up 78,5. How he 
discovered fo large a portion of water in the cryftallized fait I 
cannot conjecture ; Mr. Wenzel found that 240 grs. of it loft 
but one in a red heat. Hence 100 parts pure vegetable alkali 
fliould afford above 192 of tartar vitriolate. 

Mr. 
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Ma. Wenzel found that 83,5 grs. of pure dry vegetable alkali 
were exactly faturated by 218,75 grs. of fpirit of vitriol; the 
folution being evaporated, and the refiduura expofed to a red 
heat, afforded him 152,5 grs. of tartar vitriolate. From whence 
he infers that this quantity contained 83,5 of mere alkali, and 
69 of the ftrongeft vitriolic acid. By which it would appear 
that, 

First. 100 parts pure vegetable alkali take 82,63 of the 
ftrongeft vitriolic acid, and afford 182,63 of tartar vitriolate. 

Secondly. That 1 00 parts tartar vitriolate contain 54,75 of 
mere alkali, and 45,25 of the ftrongeft vitriolic acid. Both 
which conclufions agree as nearly as can be expected with mine ; 
and as the methods employed were fo widely different, this 
coincidence is a fure mark that the error, if any, muft be 
very trifling. 

From the refult of this experiment Mr. Wenzel eftimates the 
quantity of the ftrongeft acid contained in half an ounce of his 
fpirit of vitriol; for fince 218,75 grs. of this fpirit of vitriol 
contains 69 of the ftrongeft acid, 240 muft contain 75,75, or 
(by my experiment) 75,13 of the ftrongeft acid, which are equi- 
valent to about 84,19 of my ftandard, and 100 grs. of it con- 
tained 38,4 of my ftandard, its fpecific gravity was therefore 
1,3189. 

Mr. Wiegleb repeated this experiment exactly in the manner 
of Bergman, and yet the refult was very different, for he found 

that 
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that 52 grs. of the pure alkali took up 53 of the ftrongeft vitri- 
olic acid, and the refulting fait weighed 105 grs. From the 
known accuracy of this excellent chemift it muft be prefumed 
that fome circumftance occurred fimilar to that which occafioned 
an increafe of weight in my experiment. 

Of Nitre. 

I TOOK 360 grains of the fame alkaline folution, and diluted 
it ftill further by the addition of 622 of water, the whole con- 
taining as before 1 20 grs. of mild vegetable alkali. This I fatu- 
rated with fpirit of nitre whofe fpecific gravity was 1,1316, and 
for that purpofe 436 grs. were required. This acid contains by 
my table 23,9 grs. ftandard nearly ; then the quantity employed 
contained 104. The lofs of air was 34 grs. ; and hence the 
quantity of pure alkali was 86 grs. After the folution had flood 
fourteen hours I found its fpecific gravity, temperature 58% to 
be 1,099. '^ ne whole weight was 1384 grs. 

I then took 720 grs. of diftilled water, and gradually adding 
cryftallized nitre finely pulverized and dried by long expofure 
to the air, I found that when 1 1 2 grs. of it were duToived the 
fpecific gravity of the folution was 1*099 in the fame tempera- 
ture as above, therefore the proportion of nitre was the fame in 

both, that is -. part of each. Now ^-^ = 186,12, this then 

7,428 v 7,428 ° 

was the quantity of regenerated nitre. 



Ik 
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In this experiment as in the former the quantity of pure 
alkali was 86 grs. the quantity of ftandard 104 grs. the fum of 
both 190 grs. yet the quantity of nitre was only 186,32 gr?. 
Hence 3,68 are rejected as mere water; and if 104 ftandard 
lofe 3,68, 100 parts ftandard fhould lofe about 3,5 ; and hence 
the acid that enters into nitre is ftronger than ftandard in the 
proportion of 103,5 t0 10 ° nearly, or 100 parts of this acid are 
equivalent to *i 03,5 of ftandard nearly. And therefore, 

First. 100 grains pure vegetable alkali faturated with nitrous- 
acid fhould afford about 216 of nitre, and take up about 1 16 of 
the ftrongeft nitrous acid, equivalent to 120 of the nitrous 
ftandard. 

Secondly. 100 parts cryftallized nitre contain 46,15 of al- 
kali, and 53,85 of acid ftronger than ftandard in the proportion 
above-mentioned. 

Having evaporated the faturated folution, and expofed it to a 
heat of 360 , I found the reliduum to weigh no more than 
1 79 grs. fo that 7 grs. were loft. Indeed the ancient method is 
in no cafe more defective than when applied to nitre, for during 
evaporation part of it is carried off, as Wallertus long ago re- 
marked, and when expofed to a red heat part of • the acid is 
loft, and hence the great difference of the refults heretofore ob- 
tained. As to water of cryftallization we may be affured that 
it contains none. Mr. Storr, who attended particularly to this 
object, found that it retains its cryftalline form, and only be- 
comes turbid in a heat of 590°. He thinks, indeed, it lofes 

fome 
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fome when melted, but we now know it is the acid that 
efcapes. 

The proportion of ingredients affigned by Mr. Bergman to 
100 parts of cryftallized nitre is 49 of aikaii, 33 of acid, and 
1 8 of water. He does not feem aware of the iofs occasioned by 
evaporation, nor was he at that time acquainted with the de- 
composition of the acid occafioned by ignition, both which 
circumftances rendered his conclufions erroneous, as they did my 
own in my firft publication. The lofs occafioned by this laft 
circumftance he probably attributed to the efcape of water, 
and thence affigned fo large a proportion of this principle. 
According to him it fhould follow that 100 parts pure alkali 
take up 67,34 of the ftrongeft nitrous acid and afford 204 of 
nitre, yet elfewhere he afferts that 100 parts pure vegetable 
alkali take up but 64 of the ftrongeft nitrous acid. 

Mr. Wenzel's determination is more exad; he found that 
83,5 grs. of pure vegetable alkali were faturated by 262 of his 
fpirit of nitre, and that the fait thus formed after evaporation 
and expofure to a mild red heat weighed 173.5 g rs - anc * thence 
inferred that 173,5 grs. of ignited, nitre contained 83.5 of alkali 
and 90 of the ftrongeft nitrous acid, confequently 100 parts nitre 
contain about 48 of alkali and 52 of acid. This refult approaches 
much nearer to the truth than that of Mr. Bergman, as it affigns 
a larger proportion of acid than of alkali, which the quantity of 
air expelled from nitre evidently proves, and from this it fhould 
follow that 100 parts of pure alkali take up about 108 grs. of 
the ftrongeft nitrous acid, and afford 208 grs. of nitre, or fome- 

what 
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what more of cryftallized nitre; for he thinks that 240 grs. 
of thefe cryftafe lofe 1 of water when ignited, which fhews 
that his red heat was much milder than that applied by Mr. 
Bergman, and explains the difference of their refults when they 
followed in appearance the fame method of inveftigation. 

Since 100 parts pure alkali take up 116 of the ftrongeft 
nitrous acid, 83,5 take up 96,86, which are equivalent to 100,25 
of ftandard. This quantity of ftandard muft therefore have 
been contained in the 262 grs. of the fpirit of nitre employed 
by Mr. Wenzel in faturating 83,5 of pure alkali, whence it fol- 
lows that 100 grs. of his fpirit of nitre contained 38,22 of my 
ftandard; its fpecific gravity was then about 1,227*. 

Mr. Wiegleb's fuccefs was ftill more complete ; he found that 
112 grs. of nitre gently heated contained 52 of alkali and 60 
of the ftrongeft acid; and confequently 100 grs. of nitre contain 
46,5 of alkali and 53,5 of acid nearly, which agrees almoft 
exa&ly with my determination. Hence 100 parts pure alkali 
fhould take up 115,4 of the ftrongeft acid and afford 215,4 of 
nitre. 

Salt of Sylvius or muriated Vegetable Alkali. 

To 360 grs. of the folution of mild vegetable alkali, ftill 

further diluted by the addition of 518 grs. of water, I added fpirit 

Vol. IV. E f 



* His own conclufion is, that 240 grs. of his fpirit of nitre contain 82,5 of the 
ftrongeft acid of nitre, which are equivalent to 91,72 of my ftandard. 
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of fait whofe fpeeific gravity was 1,1466. The quantity 
necefTary for fatoration was 254 grs. the lofs t>f air amounted 
to 34. The fpeeific gravity of the faturate folution in the 
temperature of 5 6° was 1,076, the whole weight 1098 grs. 

The fpeeific gravity of a folution of 100 grs. of fait of fylvius 
in 720 of water in temperature 56 was alfo 1,076, hence the 

proportion of fait in both folutions was equal, viz. •£— of the 

whole. Now -3^-= 113,902, of this quantity 86 were pure 

alkali, therefore the remainder, confifting of 47,902 grs. were 
acid or acid and water. But as this fait when apparently dry 
lofes at rooft 3 per cent, in a red heat, I confider it to contain 
no water of crystallization, and confequently judge thofe 47,902 
grs. to be acid. Now 254 grs. of this fpirit of fait contain 
92,71 of ftandard. And of thefe it appears that only. 47,902 
were taken up, therefore 44,908 are rejected as mere water, 
and if 92,71 lofe 44,908* it follows that 100 grs. ftandard fhould 
lofe, on uniting to pure vegetable alkali, 48,4 grs. and con- 
fequently is nearly as dephlegmated as marine air. 

Hence 48,4 grs. of. this ftrong acid are equivalent to 100 
grs. of ftandard, or 100 of this ftrong acid to 206 of ftandard j 
100 grs. therefore pure vegetable alkali take up 55,7 of this 
ftrongeft marine acid, which are equivalent to 115 nearly of 
ftandard, and afford 155,7 grs. of fart of fylvius. 



2dly, 
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2<jtly, ioo grs fait of fylvius contain 64,2 of alkali, and, 35,8 
©f the ftrongeft marine acid, equivalent in ftrength to 73 nearly 
of ftandard. Mr. Storr afferts, that it fuifers no lofs of weight in 
a heat below 590*. 

The proportion affigned by Mr. Bergman to 100 parts of this 
fait is 61 of alkali, 31 of acid, and 8 of water. Hence by him 
100 parts pure vegetable alkali take up 50,82 of ftrongeft marine 
acid, and afford about 1 64 of fait of fylvius. 

Mr. Wenzel's refult fcarcely differs from mine; he found that 
83,5 grs. of pure alkali were faturated by 202 of his fpirit of 
fait, and that the refiduum after evaporation and expofure to 
a red heat weighed 129 grs. $_ of thefe 83,5 were alkali, and 
therefore the remaining 45,5 were acid. 

Hence, ift, 100 parts pure vegetable alkali afford by his 
experiment 154,5 of fait of fylvius, and take up 54,5 of the 
ftrongeft marine acid. 

2dly, 100 parts x>f this fait contained 64,42 of alkali and 
35,58 of acid. When this fait is cryftallized, he thinks that 
240 grs. of it contain 8 of water, as they lofc fo much in a 
red heat.; but it is probable that this lofs is rather occafioned 
by the difperfion of the fait, or the lofs of part of its acid, and 
fome fmall portion of water not neceflarily belonging to its con- 
ftitution; and this feems confirmed by his experiment, for 83,5 
parts of pure alkali fhould, by my determination, take up 46,5 
of the ftrongeft acid, whereas in his experiment they took only 
45,5, which decreafe may well be attributed to the ftrong red 
heat he employed, for his fait was melted. 

E 2 Hence 
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Hence, 3dly, we may eftimate the ftrength of his fpirit of 
fait; for fince 202 grs. of it contained 46,5 of the flrongefl acid, 
which are equivalent to 96 of ftandard, 100 parts of it muft 
contain 47 of ftandard, and confequently its fpecific gravity was 
about 1,1892*. 

It is moft probably to the great heat employed that we 
muft afcribe the difference between all the above refults and 
that of Mr. Wiegleb, for he found that 104 grs. of fait of 
fylvius contained 83 of alkali and only 21 of the ftrongeft 
acid. 

Of Glauber's Salt. 

A quantity of cryftallized mineral alkali being evaporated 
to drynefs, and then heated to rednefs in a filver crucible, was 
diffolved in pure water in fuch proportion that 367 grs. of the 
folution held 50,05 of dry mild alkali. 

On 367 grs. of this folution I gradually poured 75 grs. of 
vitriolic acid, whofe fpecific gravity was 1,565, and which con- 
tains 6 1 per cent, ftandard; the Jofs of air was 18 grs. and 
when it was ftill further diluted by 480 grs. of water, its fpecific 
gravity, temperature 55 , was 1,0670, which by a ftandard 
experiment, fimilar to thofe already mentioned, I found to denote 

that 



* His own conclufion is, that 240 grs. of his fpirit of fait contain 54 of the 
ftrongeft acid. 
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that — — of its weight was fait. The whole weight was 904 
6,825 

grs. then ^--—=132,45, the quantity of fait, the quantity 

of pure alkali was 50,08—18 = 32,05, that of ftandard acid was 
45,75, the fum of both was 77,83, and the remainder 54,62 
mufi be the water of cryftallization, or that which is fuperfluous 
to the ftandard. 



Hence, ift, i©o parts pure mineral alkali take up 143 nearly 
of ftandard, and fhould afford 414 of dry cryftallized Glauber. 

sd, 100 parts cryftallized Glauber contain 24,16 of mere 
alkali, 34,54 of ftandard acid, and 41,3 of fuperfluous water; 
or if the fait be heated to drynefs, 100 parts of it will contain 
41 of alkali and 59 of ftandard acid. It is true, that if this 
cryftallized fait be heated ftill further it will lofe more water, 
for I have found 100 parts to lofe 55, even when heated below 
ignition, but this proceeds partly from a lofs of the water inherent 
in the ftandard acid, and partly from a lofs of the acid itfelf, 
for the vapours and laft drop redden blue vegetable colours. 

According to Mr. Bergman, 100 parts of this fait contain 
15 of alkali, 27 of the ftrongeft acid, and 58 of water; if fo, 
100 parts pure alkali fhould take up 180 of the ftrongeft acid 
(though he elfewhere fays only 177) and afford 666 of cryftal- 
lized fait, or 280 of that deprived of its water of cryftalliza- 
tion. 

There 
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There is a method of inveftigating the proportion of ingre- 
dients in this fait, which I once purfued, and which afforded 
a refult not very different from that of Mr. Bergman. 

I considered ioo parts of cryftallized mineral alkali, to ap- 
pearance perfectly dry, and yet not decompofed, to confift of 1 6 
parts of fixed air, so of pure alkali, and 64 of water, as Mr. 
Bergman found them. However this proportion of fixed air in 
cryftals to appearance perfectly dry and not efflorefced I often 
failed of finding. Sometimes this proportion was 1 2 per cent 
fometimes 13 or 1-4, and feldom t6 per cent. However, I 
imagined that the fait being perfectly cryftallized neceffarily re- 
quired the fame proportion of fixed air to the alkali, and that 
the deficiency arofe from an excefs of 'inpereeived moifture, 
which made up the weight of 100 parts; and therefore when I 
found a fmaller quantity of fixed air in 100 parts of this fait, I 
inferred that it contained a fmaller quantity of alkali, in the pro- 
portion of 16 to 20. So that if 16 parts of air indicated 20 of 
alkali, 12 of fixed air fhould indicate rij of alkali. I was even 
confirmed in this opinion by the following experiments. I found 
that 1 00 grs. of cryftallized mineral alkali, which afforded 1 2 of 
fixed air, were faturated by 52 of vitriolic acid; but that another 
portion of the fame alkali that emitted 13 grs, of fixed air 
required 56 of the fame acid. Now 12.52:: 13.56 nearly. 
Again, I found that 100 parts of this alkali which gave out 1.5 
o£ fixed air were faturated by 121 of marine acid, whereas 
another portion of the fame alkali which contained but 13,5 of 
fixed air, took up but 1 08 of the lame acid ; and j 5 . 1 3, 5 : : 1 2 1 . 1 09 
nearly. It muft be owned that this conciufion appeared fuffici- 

ently 
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ently probable, and under that imprcflion I made the following 
experiment. 

Having diffolved 100 grs. of cryftallized mineral alkali in 
720 of water, I faturated this folution with vitriolic acid, whofe 
fpecific gravity was 1,5654, and for this purpofe 52 grs. were 
requifite, the lofs of air was 12 grs. and hence I inferred the 
quantity of pure alkali to be 1 5 grs. the fpecific gravity of the 
folution, temperature 65 , was 1,045, an & lts weight 860 grs^ 
The acid contained 61 per cent, ftandard. 

I also found the fpecific gravity of a folution of 100 grs^ 
cryftallized Glauber in 836 of water to be 1,045 * n tne fame 

temperature, and as this folution contained of its weight of 

9>3<> 
fait, I inferred the former to contain the fame proportion, and 

confequently the quantity of fait to be — -=91,88 grs. but of 

this quantity 15 only were alkali, and 31,72 ftandard acid, 
= 46,72, therefore the remainder was the water taken in by 
cryftallizing =45,16 grs. 

From hence it fhould follow that 100 grs. cryftallized Glau- 
ber fait contain 16*32 of alkali, 34,52 of ftandard acid, and 
49,15 of water-* of cryftallization, which nearly agrees with the. 
determination of Mr. Bergman, for my ftandard is undoubtedly 
weaker than what he calls his ftrongeft acid, and if we take 
7 grs. from the ftandard, and attribute them to the watery part, 
there will be but little difference. Yet I now believe this deter- 
mination 
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initiation to be erroneous, as being different from the refult of the 
firft experiment, which is direct., and becaufe part of the acid 
efcapes in a ftrong heat. Different portions of a parcel of cry- 
ftallized mineral alkali, which had efflorefced by expofure to the 
air for fixteen months, afforded different portions of fixed air ; 
yet without particular attention we may often be deceived, as 
the faturated alkali frequently reforbs a portion of the air it gives 
out, fo that the contents of air cannot be exactly cftimated by 
weighing, unlefs the faturate liquor be fuffered to reft for fome 
"hours expofed to the air. 

Mr. Wenzel having 'faturated 120 grs. of dry mild mineral 
alkali with his fpirit of vitriol, found the lofs of air to be 
48 grs. the quantity of fpirit of vitriol expended 285,33 grs. 
the fait remaining after ignition 162 grs. or rather 161,5, as 
§ gr. of earth was precipitated, which rruift be deducted from 
the alkali. Hence the quantity of pure alkali was 71,5, which 
deducted from 161,5, g* ves tne quantity, as he thinks, of the 
ftrongeft acid =s 90 grs. Hence it fhouid follow, 

That 100 parts pure mineral alkali take up 125,87 of the 
ftrongeft acid, and afford 225,87 of dry Glauber's falts. 

He elfewhere remarks that 240 grains of cryftallized Glau- 
ber lofe by ignition 134 grs. of water, confequently 106 
[=240—134] of the dried fait take up in cryftallizing 134 of 
water, then 161,5 °^ the dried fait fhouid take up 204,16, and 
the fum of both is 365,66, the quantity of cryftallized fait pro- 
duced in the above experiment. 

Hence, 
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Hence, firft, ioo parts pure mineral alkali faturated with 
vitriolic acid fhould afford about 5 1 1 of chryftallized Glauber. 

Secondly, ioo parts of this cryftallized fait contain 19,58 
of alkali, 24,62 of the ftrongeft acid, and 55,8 of water. 

The principal defect of thefe experiments is, that he dried 
his alkali by fufion in an earthen crucible, by reafon of which 
the alkali took up both filiceous and argillaceous earth ; the fill— 
ceous, indeed, was precipitated during the faturation with the 
acid, but the argillaceous was not, but oil the contrary took up 
more of the acid than the pure alkali would have done. Hence 
he found a fmaller proportion of alkali, and would a larger of 
acid, than the pure fait contains, if he had not forced off part 
of it by the heat of ignition to which he afterwards expofed 
the fait. 

If Mr. Wenzel had not exprefsly averred that he proceeded 
exactly in making this experiment as he had done in examining 
the contents of tartar of vitriolate, I fhould fufpec'r, he had done 
no more than faturate the alkali, and thence inferred the pro- 
portion of the ftrongeft acid contained in the dry fait. For the 
quantity of this ftrongeft acid contained in the quantity of fpirit 
of vitriol expended is almoft exadlly in the fame proportion as he 
found it in forming tartar vitriolate. In that cafe he found 
218,75 grs. of his fpirit of vitriol to contain 69 of the ftrongeft 
acid, and in the prefent cafe he found 285,33 S rs# °f tne fame 
fpirit of vitriol to contain 90. Now 218,75.69 :: 285,33.90. 
And this proportion could not be found unlefs the red heat was 

Vol. IV. F equal 
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equal in both cafes, as Glauber's fait lofes part of its acid in 
fuch heat. 

Mr. Wiegleb avoided this fource of error, and by that means 
approached nearer to the truth *. He found ioo grs. of mineral 
alkali, which had been dried by heating it to rednefs, to lofe 
42 grs. of fixed air when faturated with vitriolic acid, and that 
the refulting fait heated to ignition weighed 133 grs. ; thefe, 
therefore, confifted of 58 of mere alkali, and j$ of the ftrongeft 
vitriolic acid, confequently 100 parts pure alkali take 130 of the 
ftrongeft acid, and afford 230 of dry Glauber's fait. And elfe- 
where f he fays that 100 parts cryftallized Glauber fait lofe 50 
by deficcation. Then if 50 of the dry; fait take 50 of water, 
133 mould take 133, and form 266 of cryftallized fait; and 
hence 100 parts of this fait ftiould contain 21,8 of alkali, 28,2 
of the ftrongeft acid, and 50 of water. 

Of Cubic Nitre. 

I saturated 367 grs. of the fame folution of mild mineral 
alkali with 147 grs. of fpirit of nitre, whofe fpecific gravity was 
1,2754, and which contained 45,7 per cent, ftandard. The air 
loft was 14 grs. and by adding 939 of water, its fpecific gravity 
temperature 58°,5 was 1,0401, which by a teft experiment denotes 

— of fait. There was an excefs of acid of about 2 grs. ; 

16,901 

the whole weight was 1439 grs. The quantity of fait was there- 
fore 

* 7 Ncv. Entdeck, p. i<S. f 2 Handbuck, p. 92. 
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f ore _Jh39_ 85,142 grs. ; the quantity of pure alkali was 

50,05 — 14=36,05 grs.; the quantity of (landard acid was 66,7, 
the fum of both =102,75. But of this quantity only 85,142 
entered into the combination of the fait, therefore the remaining 
1 7,608 were mere water loft by the ftandard acid. And if 66,7 
parts ftandard lofe 1 7,6 parts water, in combining with mineral 
alkali, 100 fhould lofe 26,38. And confequently 73,62 parts of 
this ftrong acid are equivalent to 100 of the nitrous ftandard, or 
100 of this ftrong acid to 135,8 of the nitrous ftandard. 

Hence ^6 parts alkali took up 49 of the ftrongeft acid, con- 
fequently 100 parts pure alkali ftiould take up 136, equivalent 
to 171 ftandard, and afford 271 parts cryftallized cubic nitre. 

Secondly. 100 parts cubic nitre contain 42,35 of alkali, 
and 57,65 of the ftrongeft nitrous acid, equivalent to 78,33 of 
(landard nearly. 

Mr. Bergman's determination varies confiderably from the 
refults of fucceeding experimenters. By his ftatement 100 parts 
cubic nitre contains 32 of alkali, 43 of acid, and 25 of water *. 
Hence 100 parts pure mineral alkali fhould take up 134,4 of 
the ftrongeft nitrous acid, or 135,5, as he elfewhere ftates it 
(which does not differ much from my account) and afford 312 
of cubic nitre. 

F 2 Mr. 

* Scheffer Vorleflung. p. 128. 
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Mr. Wenzel found 71,5 grs. pure mineral alkali faturated by 
347 of his fpirit of nitre, and that the refulting fait after 
ignition weighed 190,75 grs. ; fince this quantity contained 71,5 
of alkali, he concluded the remaining 119,25 to be the ftrongeft 
acid. Hence, firft, 100 parts pure alkali take up 167 of the 
ftrongeft acid, and afford 267 of cubic nitre. 

Secondly, 100 parts cubic nitre contain 37,5 nearly of 
alkali, and 62,5 of acid. He elfewhere fays 240 grs. of cubic 
nitre cryftallized lofe by ignition 9 grs. of water, which alters 
the proportion in fome refpect, for then 100 parts of the cry- 
ftallized fait fhould contain 36 of alkali, 60 of acid, and 4 of 
water. The error of this refult evidently proceeds from the 
fame deceptions that vitiated the experiment on Glauber's fait, 
the lofs which he imagined due to the efcape of water proceeded 
from the volatilization of the acid. 

Mr. WiegleVs determination was far more juft. He found 
that 153 grs. of cubic nitre contained 64 of alkali, and 89 of 
the ftrongeft acid; from whence it follows that 100 parts alkali 
take up 139 of the ftrongeft acid, and affords 239 of cubic 
nitre. Secondly, that 100 parts of this fait contain 41,83 of 
alkali, and 58,17 of the ftrongeft acid. It is remarkable that 
the nitrous acid not only exifts in greater plenty, but is much 
more concentrated, in cubic than in prifmatic nitre. 



Of 
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Of Common Salt. 

367 grs. of the fame alkaline folution, containing 50,05 of 
mild marine alkali, were faturated by 129 grs. of fpirit of fait, 
whofe fpecific gravity was 1,1355 with the lofs of 20 grs. of 
fixed air after fome hours. On adding 26 grs. more of water, 
and 4 of pure common felt, the lpecific gravity of the folution 
was 1,0814 in temperature 6o°; which by a teft experiment de- 
noted jp— of fait. The weight of the iblution was 506 grs. and 

er\f\ 

confequently the quantity of fait was £ — = 60,74 grs. ; but as 

4 grs. of fak were added, the weight of the regenerated fait 
fingly was 56,74 grs. ; the acid employed contained 34 per cent, 
ftandard, confequently 129 grs. of it contained 43,86 ftandard. 
The quantity of mere alkali was 30,05 grs. the ium of both 
=73,91 grs. j yet only 56,74 grs. of fait were formed, confe- 
quently the difference, or 73,91— 56,74= 17,17 grs. were mere 
water rejected from the ftandard acid. And if 43,86 ftandard 
lofe 17,17 on uniting to mineral alkali, 100 parts ftandard 
ftiould lofe 39,14, and confequently the remainder, viz. 6o,86 
party of this ftrong acid, are equivalent to 100 parts ftandard, 
or to 48,4 of the ftrongeft, fuch as is found in fait of Sylvius. 
Hence, firft, 100 parts pure marine alkali take up 5fi,8i of this 
ftrong acid, equivalent to 145,92 of ftandard, and mould produce 
188,81 of fait. Secondly, 100 parts common fait contain nearly 
53 of alkali, and 47 of acid ftronger than ftandard in the pro- 
portion above mentioned. 

In 
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In this account no notice is taken of the water of cryftalli- 
zation, for in facl common fait does not appear to contain any; 
that which is got rid of by heat feems to me to be merely ac- 
cidental. Mr. Wild, who has attended fo fuccefsfully to every 
thing relating to this fait, affirms that 911" grs. of it lofe but 
7,1 by decrepitation *. Mr. Storr found it to lofe none in any 
heat below 590 . As common fait does not efcape in any confi- 
derable degree during the evaporation of its folution, and retains 
its acid in the ftrongeft heat, the refults of MefTrs. Wenzel and 
Wiegleb, and particularly that of the latter, agree very nearly 
with the foregoing. 

According to Mr. Wenzel 71,5 of pure mineral alkali were 
faturated by 266,5 of his fpirit of fait, and the refiduum after 
fubtracting 1 gr. of earth and expofure to ignition weighed 
131,5 grs.; this quantity, therefore, contained 71,5 grs. of alkali, 
and 60 of the ftrongeft acid. Hence 100 grs. pure mineral 
alkali fhould take up nearly 84 of the ftrongeft acid, and pro- 
duce 1 84 of common fait ; and fecondly, 1 00 parts common fait 
contain 54,37 of alkali, and 45,63 of the ftrongeft acid. 

According to Mr. Weigleb 105 grs. of common fait contain 
56 of alkali, and 49 of the ftrongeft acid. Hence 100 parts 
contain $3^5 of alkali, and 46,5 of acid. Henee 100 parts pure 

alkali 



* Beytrage zu Salkzunde, p. 94. 
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alkali fliould take up 87,5 of the ftrongelt marine acid, and 
afford 187,5 of common fait, which is nearly my conchxfion. 

Mr. Bergman's proportion deviates fb widely from thefe re- 
fults, that I can in no way account for it. He attributes to 100 
parts of this fait, 42 of alkali, 52 of acid, and 6 of water. 

Of Ammontacal Salts. 

Before I proceed to the analyfis of thofe formed by the 
mineral acids, it will be neceflary to examine the compofition of 
aerated volatile alkali, which was the fubjed of my experi- 
ments. 

Th-e proportion of ingredients affigned to this ialt by Mr. 
Bergman is 12 of water, 45 of fixed air, and 43 of pure alkali. 
How he has difcovered this proportion he no where explains, 
nor do I know any other method of. exploring it with accuracy 
than by having recourfe to Dr. Prieftley's experiments, vol. ii. 
of his new edition*. 

By thefe ic appears that 2 meafures of alkaline air are fatu- 
rated and reduced to a concrete form by 1 meafure of fixed air 
very nearly. Now 100 cubic inches of alkaline air I have found 
to weigh 18,16 grs. ; and 100 cubic inche* of fixed air 46,5. 

Let 

* Page 381?. 



[ 4° ] 

Let us fuppofe a meafure to confift of ioo cubic inches, then 
2 meafures of alkaline air will weigh 36,32 grs. ; thefe take up 
46,5 of fixed air, and the concrete fait thus formed will weigh 
82,82 grs. ; then if 82,82 parts of concrete volatile alkali con- 
tain 36,32 of pure alkali as free from water as it can be had, 
100 parts of this concrete fait mould contain 44. nearly of fuch 
alkali, and 56 of fixed air. And here the quantities of thefe 
two ingredients mull always be proportional, as the alkali can- 
not be reduced to a concrete form without a due proportion of 
the aerial acid, nor the acid without the due quantity of alkali. 
Therefore knowing the quantity of fixed air in any given weight 
of this dry fait, we may determine the quantity of alkali by the 
above analogy, and this being found, the qnantity of water ex- 
ceeding that exifting in alkaline and fixed airs mull alfo be 
known, it being the remainder of the given weight of the 
fait. 

Of Vitriolic Ammoniac. 

100 grs. of mild concrete volatile alkali, formed by fublimation, 
and diflblved in 1000 of water, were faturated by 132 of vitriolic 
acid, whofe fpecific gravity was 1,5654, which contained 61 
per cent, ftandard. The lofs of air was 45 grs. and hence the 
quantity of mere alkali was 35,35 grs. the fpecific gravity of 
the folution in temperature 59° was 1,0627.' 

The fpecific gravity of a folution of 100 grs. of cryftallized 
vitriolic ammoniac in 821 grs. of water and temperature 59/ was 

alfo 
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alfo 1,0627. Hence the proportion of fait in both folutions was 

equal, viz. of the whole; the weight of the folution con- 

9,21 

taining the regenerated fait was 1187 grs. then the quantity of 

fait contained in it was -=128,881 grs. The quantity of pure 

alkali was 35,35 grs.; the quantity of ftandard 80,52 grs.; the 
fum of both=ii5,87; then the remainder of the 128,881 grs. of 
fait muft have been water, amounting to 13,011 grs. 

Hence 100 parts of pure volatile alkali take up 227,7 °f tne 
vitriolic ftandard, and, including water, fhould afford 364,6 of 
cryftallized vitriolic ammoniac. Secondly, 100 parts cryftallized 
vitriolic ammoniac contain 27,42 of mere alkali, 62^47 of ftandard 
acid, and 10,11 of water. 

Mr. Wenzel's method of inveftigating the proportion of in- 
gredients in ammoniacal fait is very ingenious, but obfcurely 
related, and does not feem to have fecured even his own con- 
fidence. 

Into half an ounce of bis fpirit of vitriol * he gradually 
dropped 160 grs. of dry concrete volatile alkali, and found the 
weight loft amount to 86 grs. and hence he concluded this 
quantity of alkali to contain 86 grs. of fixed air. This con- 

Vol. IV. G clufion 
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See an eftimation of its ftrength in the article tartar vitriohtt. 
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clufion every one who has made the experiment muft know to be 
erroneous, for the fmell of the alkali evidently indicates that it 
efcapes along with the fixed air, when it is not previonfly much 
diluted. 

-Again, into another half ounce of his fpirit of vitriol he 

dropped 336 grs. of common fpirit of fal ammoniac, and found 

the lofs of air to be but 38 grs. ; hence he concluded the quantity 

of real alkali to be proportionably fmaller than in his firft 

experiment. Having attained the point of faturation, he gently 

evaporated the folution and expofed the newly formed fait to 

a heat of 212° for four hours, and then found it to weigh 129 

grs.; now as his fpirit of vitriol contained 75,75 grs. of the 

ftrongeft vitriolic acid, he fappofed the fait thus formed to 

contain that quantity of the ftrongeft acid, and this fuppofition 

is juft; but he further fuppofes that all the water contained 

both in the acid and in the alkali was expelled by the heat of 21 2°, 

which cannot be credited; and thence infers that the remainder 

of the 129 "grs. was pure alkali, viz. 53,25 grs. a conclufion 

which the premifes do not warrant. It is therefore ufelefs to 

examine his fubfequent dedu&ions : by my computation the 

quantity of vitriolic ammoniac that fhould refult from Mr. 

Wenzel's experiment is 135 grs. for 240 grs. of his fpirit of 

vitriolic contain 84,72 of my ftandard ; and fince 62,47 °f 

ftandard go into the compofition of 100 parts vitriolic ammoniac, 

84,72 thould enter in that of 135 grs. of that fait; 6 grs. were 

therefore probably loft during the evaporation of Mr. Wenzel's 

fait, or efcaped with the fixed air. 

Neither 
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Neither MeSTrs. Bergman nor Wiegleb have treated of this 
felt ; but here Dr. PrieStley again Steps into our affiftance ; he 
found that two meafures of alkaline air were exactly faturated 
by one of vitriolic air •, hence it follows that 36,32 grs* of pure 
alkali take up 70,215 of the Strongest volatile vitriolic acid, and 
consequently 100 of volatile alkali take 193. In uniting to the 
volatile alkali it depofits part of its fulphur. 



Of Nitrous Ammoniac. 

ICO grs. of mild concrete volatile alkali diSfolved in 1000 of 
water were faturated by 446 grs. of fpirit of nitre, whofe 
fpecific gravity was 1,1418, which contained 24,8 of Standard. 
The lofs of air was 43 grs. which indicates 33,8 grs. of pure 
alkali; the fpecific gravity of the lolution was 1,0401, which 

by a teft experiment indicates — of cryflallized fait. The weight 

of the folution was 1503 grs. then the quantity of fait was 

1 co'j 

-4-^=140,467 grs. which is foroewhat lefs than the quantity 

10,7 

of pure alkali and Standard employed, for the quantity of pure 
alkali is 33,8 grs. and that of Standard in 446 grs. of the ni- 
trous acid employed, is 110,608, and the fum of both = 1 44,408, 
which differs by 3,941 grs. from the fait formed; this quantity 
therefore muSt have been mere water rejected from the Standard 
acid; and if 110,608 grs. Standard lofe 3,941 in uniting to 
volatile alkalies, 100 parts Standard Should lofe about 3,5, and 

G 2 hence 
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hence 96,5 parts of this ftrong acid are equivalent to 100 of 
ftandard. 

Hence it alio follows that 100 parts pure volatile alkali take 
up 316 of this ftrong nitrous acid, equivalent to 327,4 of ftan- 
dard, and fhould afford 416 of cryftallized nitrous ammoniac. 

2dly, 1 00 parts nitrous ammoniac contain 24 of alkali and 76 
of the ftrongeft nitrous acid, equivalent to 78,75 of ftandard. 

Yet I muft obferve, that as the nitrous ammoniac employed 
in the teft folution was not purified by a fecond cryftallization, 
and contained fome excefs of acid, there probably is a flight 
inaccuracy in this experiment ; but I form no doubt but this fait 
contains above 70 per cent, of the ftrongeft acid, and at moft 28 
of alkali. 

According to Mr. Bergman, 100 parts pure volatile alkali 
take up 1 32 of the ftrongeft nitrous acid * ; but this contradi&s 
the rule he himfelf lays down, that bafes that have a weaker 
attraction for a given acid, take up more of that acid than an 
equal quantity of a bafis that has a ftronger attraction to it 
can take up. Now by his own experiments, 100 parts pure 
mineral alkali take up 135,5 of the ftrongeft nitrous acid, there- 
fore 100 parts pure volatile alkali fhould take up much more. 

It 

* SchcfF. Vorlefs. p. 129. 
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It is evident he was led into this miftake by not knowing the 
proportion of water that enters into mild concrete volatile 
alkali. 

Mr. Wenzel afligns to this fait a much larger proportion of 
acid, though even his appears to me too low; by his com- 
putation 41 parts pure volatile alkali, faturated with nitrous acid, 
afford 127 of nitrous ammoniac, dried by four hours expofure 
to a heat of 21 2°; but it muft be remarked that its decom- 
polition begins at a much lower heat, as Mr. Cornette has 
obferved *,, and it fublimes at the heat of 234 . However, 
from this experiment it follows that 100 parts pure volatile 
alkali take 205 of the ftrongefl: nitrous acid, and afford 305 of 
nitrous ammoniac. 

I made this experiment according to my antient method, with 
the following refult : I faturated 200 grs. of mild concrete vola- 
tile alkali with fpirit of nitre, whofe fpecific gravity was 1,1538, 
984 grs. of it were requifite, the lofs of air was 100 grs. the 
folution, gently evaporated in a heat of 70 or at moft 8o°, afforded 
a mafs of fait moftly cryftallized, which weighed 296 grs. ; here 
the quantity of pure alkali, according to the rule of proportion 
above laid down, was 78,6 ; and if 100 parts pure volatile alkali 
afforded 416 of nitrous ammoniac, as I have above determined, 
78,6 fhould produce 327 nearly, yet I found but 296, therefore 
31 were loft, probably during the evaporation. 

Of 
* Mem. Paris 1783, p. 746. 
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Of Common Sal Ammoniac. 

ioo grs. of aerated volatile alkali diflblved in iooo of water, 

required for their fatu ration 246 of fpirit of fait, whofe fpecific 

gravity being 1,1,3,55, contained by my table 34 grs. flandard 

per cent, and the quantity employed held 83,64 flandard; the 

lofs of air was 43 grs. and confeq-uently the quantity of pure. 

alkali 33,8 grs. the fpecific gravity of the faturate folution 1,0269, 

the whole weight was 1303, which by a teft experiment in- 

1 1 ^o % 

d^ated its faline contents to be — -^, now - ■■ ■ = 1 22, r 1 8 grs. 

10,67 10,67 

Now the fum of pure alkali and ftandard= 117,44; the dif- 
ference therefore of thefe two quantities, viz. 4,67, mufl have 
been water united to the flandard acid. 

Hence ioo parts pure alkali take up 247,1 flandard, and fhould 
produce 361 of cryflallized ammoniac. 

2dly, ioo parts fal ammoniac then contain 27,62 of alkali, 
68,49 °f ftandard, and 3,89 water; yet when I made this ex- 
periment after the antient method I obtained a much fmaller 
proportion of fait. 

Having diflblved 200 grs. of aerated volatile alkali in 1800 of 
water, and faturated it with the fame marine acid, of which 
it required 486 grs. with the lofs of 100 grs. of fixed air, the 
evaporated folution afforded only 224 grs. Now the quantity 

of 
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of pure alkali by my computation being 78,6 grs. fhould afford 
by the above obfervation 284,5 grs. therefore 60,5 were loft. 

Mr. Wenzel attributes to no parts of fal ammoniac 56 of 
alkali and 54 of acid, but it is plain he was deceived both by 
the mifcalculation of the quantity of real alkali in his aerated 
alkali, and by the volatilization of part of the fait during the 
evaporation of the faturated folution. 



Of the Relation of the Nitrous Acid to Calcareous Earth. 

To 400 grs. of fpirit of nitre, whofe fpecific gravity was 
1,2754, I gradually added in temperature 58 fome finely pow- 
dered white ftatuary marble, whofe grain in the fracture re- 
fembled that of fugar; of this 136 completely faturated the acid 
in two days, the lofs of air was 61 grs. or nearly 45 per cent. 
This proportion of air is much greater than that which I found 
fome years ago, but at that time I difTolved without applying 
heat, the marble in dilute vitriolic acid, which does not eafily 
penetrate the whole mafs, as the felenitic cruft formed during 
the firft accefs of the acid protects the remainder from its 
action. 

This acid contains 45,7 per cent, ftandard, confequently the 
400 grs. employed contain 182,8 of ftandard j and fince 182,8 
parts ftandard took up 136 of this marble, 100 parts ftandard 
mould take up 74,4. An opportunity was hereby afforded me 

of 
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of comparing different parts of my table of the proportion of 
ftandard in nitrous acid of different fpecific gravities with the 
experiments of Mr. Cavendifh. 

This accurate philofopher found that fpirit of nitre, whofe 

fpecific gravity in temperature 5 8° is 1,4923, diffolves - — of 

1,42 

its weight of marble*. Hence 100 parts of it fhould diffolve 
70,42 of marble. Now by my table 100 parts of this acid con- 
tain 91,7 parts ftandard, and fince 100 parts ftandard diffolve 
74,4 of marble, 91,7 parts fhould diffolve 68,22; and in this 
manner I have compared the remainder of his refults. 



Specific Gravity of 






100 Parts nitrous 


Marble diflolved by 


Marble diflolved by 


Acid. 


Mr. Cavendifli. 


my Table. 


1,4923 


70,42 


68,22 


1,437 * 


58,2 


57,28 


1,404 


53,°o 


52,45 


1,4033 


53,°o 


52,3 



These differences are very fmall, and may proceed partly 
from the defe&s of the table and partly from the difference of 
the marbles employed ; that his marble was fomewhat different 
from mine appears from this, that his gave but 40,7 per cent, 
of fixed air. 

It 
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It is difficult to afcertain the prccile quantity of pure cal- 
careous earth in marble or any calcareous ftone, by reafon of 
the quantity of water they are alfo faid to contain. The marble 
I examined contained 3 per cent, of a mixture of argil and 
minute cryftals, which rendered the folution turbid when fome- 
what more than half faturate; but I collected this proportion 
from a folution of the fame marble in fpirit of fait. If marble 
contained no water the quantity of calcareous earth would thence 
be eafily had, as the quantity of air being 45 g rs. that of the 
earth fhould be 55, and deducting 3 for foreign earths, the 
pure calcareous would be 5 a. Mr, Coudray is the only perfon 
I can recoiled who found water in white marble*, but his 
experiment was defective. Dr. Watfon could detect none by 
diftillation even in fpar f. I diftilled a folution of marble in 
nitrous aerd to drynefs, and expelled all the acid, for the earth 
was converted into lime; I was however disappointed, for I 
could not colled the whole of it, as part ftuck to the retort. 
But Mr. D'Arcet having calcined a piece of white marble of 
Carrara in the ftrongeft porcelain heat, in which he found it to 
lofe no more than £ of its weight, exadly the fame as by folution 
in acids, feems to me to have decidedly proved that it contains 
no water $. Then if 100 parts of this marble contain 52 of 
pure lime, 7+ parts will contain 38,68, and thefe take up 100 
parts of the nitrous ftandard, then 100 parts lime take 258*5 of 
this flandard. 

Vol. IV. H Mr. 

• 5 Roziers, p. 28c f. 2 Watfon, p. 253. £ 22 Roziers, p. 23. 
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Ma. Lavoifisr, in difcuffing thte merits of that memorable con- 
troverfy which his experiments have for ever clofed, diflblved 
a large quantity of chalk in fpirit of nitre, whofe fpecific gravity- 
was 1,2989, and found that 11 53 grs. Troy of chalk contained 
606,47 °^ ea rth, which required 2835 of that fpirit of nitre 
for their folution. Now 100 parts of this fpirit of nitre contain 
by my table 49,6 of ftandard, and confequently the above 
quantity contains 1406,16. Now if 606,47 of this earth take 
up 1406,16 of ftandard, 100 of the earth fhould take up 232, 
which appears lefs than my eftimation ; but it mull be remem- 
bered that I dedu&ed 3 grs. per cent, for foreign earth mixed 
with the marble, and it is certain that chalk is more impure; 
then if it contain* lefs of calcareous earth it muft take propor- 
tionably lefs* of ftandard ; the proportion of foreign earth may 
even thus be dete&ed. By this teft it would appear-that the 
chalk ufed by Mr. Lavoifier contained but 46,5 per cent, or 0,465 
of its weight of earth really calcareous. 

Mr. Wenzel's experiments on calcareous earths are fo com- 
bined with his opinion of the prefence of the acidum pingue or 
cau/licum, that no clear conclusion can be deduced from them. 



Of the Relation of the Muriatic Acid to Calcareous Earths. 

158 grs. of powdered marble were taken up by and faturated 
402 grs. of fpirit of fait, whofe fpecific gravity was 1,1355. 
This acid contained 0,34 of its weight of ftandard, and con- 
fequently 
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fequently the quantity employed contained 136,68 j whence it 
follows that 100 parts marble faturatc 86,5 of the marine ftandard. 
To obtain a perfect folution a heat of *6o° was employed to- 
wards the end. 

From the proportion of pure calcareous .earth already men* 
tioned, it follows that 158 grs. of this marble contained but 
82,26 of that pure earth. Then 82*26 parts. -lime take 86,5 of 
ftandard, confequently 100 parts lime -flbovdd take; 104,78*. 

According to Mr. Wenajel, 100 parts lime take 103,6 of 
the ftrongeft marine acid, but the bireuaaftances were very dif- 
ferent from thofe in which he firft collected its degree of con- 
ecntration. 

Of Tttnohe Men'tte. 

To 225 grs. of oil of vitriol, whofe fpecific gravity was 1,5654, 
I added 225 grs. of water, and of this mixture I took 439Lgrs: 
and gradually added to k at diffesFGHte times 152 gr«. of finely 
powdered white marble. It was committed to a gentle fand heat, 
more water was added from tim&) to time ; the Saturation * r as 
obtained at the end of tin days. 

The quantity of acid employed contained 1 34 grs. ftandard j 
hence 100 grs. ftandard take up 113,4 of marble, and 100 parts 
marble require 88,17 of the vitriolic ftandard* but 100 parts of 

H 2 this 
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this marble contain 52 of lime, then 100 parts lime take up 
169,55 of the vitriolic ftandard. 

The felenite thus obtained being evaporated to drynefs in a 
fand heat not exceeding 170 , was of compact, but not hard 
confluence, fert mealy, and of a reddifh brown colour at the 
furtace; it weighed 242,25 grs. ; of this weight 79 were pure 
calcareous earth, 134 vitriolic ftandard, 5 of foreign earth, and 
the remainder, viz, 24, were water. Hence 100 grs. felenite 
in this form contain 32,9 of pure earth, 55 of ftandard acid, 
and 1 a,i of Water; but this determination is not accurate, as the 
argil muft have taken part of the acid. 

Mr. Cavendifh having in many inftances fought the relation 
betwixt the fpecific gravity of oil of vitriol and the quantity of 
marble it can diflblve, it will be proper to compare his refults 
with my table *. 



100 Parte Oil Vitriol. 


Marble diflblved by 
Mr* Cavendifh. 


Marble diffohred by 
my Table. 


1,8437 
^5596 
I,78o 


98 

65,4 
84,8 


99>9 
68, 

93.6 



With 



* Philofop. Tranfa&kms, 1786, p*24"f» and 1788, p. 181. 



C 53 ] 

With refpeft to this laft the difference feerns confiderablc, 
but the reafon is that Mr. Cavendifb. made the experiment from 
which he iaferred the ttrength of this acid with vitriol of lead, 
though be expreffed it by reference to the quantity of marble he 
deemed it would diffolve. 

I also tried to iind the quantity of ftandard acid the dif- 
folvea marble would; require to precipitate it. from its folutions 
in the muriatic and nitrous acids, and for this purppfe; To the 
folution of 158 grs. of marble in the marine acid above-men- 
tioned I gradually added after dilution oil of vitriol 1,5654. 
This operation is very tedious, as the .vitriolic felenite is" in great 
meafure foluble in the marine acid, or at leaft in the folution 
of marine felenite, £0 that frequent evaporation and repeated 
warnings were requifitej; however it appeared to rae that 253,5 
grs. of the acid were requifite to, precipitate the whole of the 
diffolved calx. Now 253,5 g»s., of this acid contain 154,33 pf 
ftandard, cpnfequenthr ico grs. marble require for their -preci- 
pitation from the muriatic acid 1 02 grs. of ftandard> vitriolic acid, 
or rather computing the marble to contain 52 per cent, lime, 
1 qo grs. pure calcareous earth requite for their precipitation from 
the marine acid 124,15 of vitriolic ftandard. Perhaps the dif- 
ference between the quantity requifite in this cafe and that 
found requifite for folution may arife frpm this, that the argil- 
laceous earth remains untouched in this cafe, as no more acid 
is added when the decompofitioa ceafes to be vifible, whereas 
a fufficiency to diffolve and faturate it is added in the former 
cafe. 

To 
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To obtain ftill more fatisfa&ion I alfo precipitated the nitrous 
folution of marble above mentioned by a folution of tartar 
vitriolate. This folution contained 135 grs. of marble; the 
quantity of tartar vitriolate neeeffary to precipitate it was 174 grs. 
Now 135 grs. marble contain 70,2 of pure calcareous earth, and 
1 74 grs. tartar vitriolate contain 87 ftandard vitriolic acid ; whence 
it follows, that if 70,2 require 87, 100 will require 123,93 
nearly, the fame as When the uneombihed acid wa:s ufed; this 
experiment is therefore a proof of the accuracy of fome of the 
former determinations. 

Thb felenitel thus- obtained being fb far dried as to retain its 
filky gioftj weighed 26^, 2$ grs.; hence ioo parts of it fltoufd 
«totairi 34 of earthy 43 of flkndard acid, arid 23 of water. 
This de*erminat!oti, wKleli varies eonlSderably from the former', 
appears to be ttt6re ^a'Sj'-Becaufo in SKffoiving marWb pan of 
the acid is M ifcdeflariiy talcen *1ip by the argillaceous earth con- 
tairied in tt, whete^fter^noiAirfgiV brought into the account 
but the -aeitF takeri up by tfee eaVtk predpitated' that k, by the 
calcareous- feartH liiigiy. Th# prbb^rttor\'of : water is. alio dif* 
ferertt,becattle the defecation was not pdfftetf Ibfar. 

Acd«ftDfii»# to : Mtt Ber^mM, i«&6 parts ; ^ypfum contain 3^ 
o# fartHi 46 bf *4ia afld-23 of water* l§ toe'means acid df'tha 
fame fteengtfc s» that «6ttlained^ib tKrtaa: ^trfotete, {whtei >bti 
muft meanj or the expreifionf- is wnbigaous} he; rhr certaitily 
miflftfetn^ for thea 11 $ parts.: tartar Ifcrtniolate fhould contain th© 
fame quantity of. acid as 100 parts gypfum, whereas by the fy& 

experiment 
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experiment it appears that 84 parts tartar vitriohrte are in that 
refpeft equal to 100 of gypfum. 



Of Epfom Salt. 

It is generally agreed that common aerated magnefia lofes 
above £ its weight by^ calcination in a red heat, which expels 
all the water and fixed air that inheres in it. Dr. Black, whofe 
fortunate inquiries concerning the nature of this earth, laid the 
foundation of the greater part of the modern improvements in 
chemiftry, found it to lofe. about 51 per cent*. Mr. Butini of 
Geneva 59 per cent. Mt.,We«zel 58 per cent. Mr; Bilhabar 65 
per cent, and Mr. Bergman 55 per cent. As magnefia lofes a 
fmall part of its earth when calcined in an open veffel, as was 
difcovered by Mr. Tingry, perhaps we may acquiefce in Mr. 
Bergman's determination) a& approaching to a mean among thofe of 
other chemifts. 

A solution of 100 grs. cryftallized Epfom in 926 of water 
had its fpeeific gravity in the temperature of 56°== i,-o448> ,the 

weight of the fait was therefore -> of the wndle weight of 

10,26 & 

the folution. 

50 grs. of oil vitriol, whofe fpeeific gravity was 1,565% and 
which by the table contained 0,6 r of its weight of flandardj 
were diluted with 599 of water. This dilute acid was faturated 
ky 3& g rs * of common magnefia, and when 278 grs. more of 

water 
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water were added, the fpecific gravity of the foliation, temperature 

5 6°, was 1,044.8, its weight was 949 grs. then -of this 

weight was regenerated Epfom= 92,494 grs. of fait; the quantity 
of mere earth was 35 X, 4 5=15, 7 5 grs. that of ftandard was 30,5, 
and the remainder=53,75 muft have been water. 



Hence i° — 100 parts cryftallized Epfom contain \>j of earth, 
32,97 of ftandard acid; or in round numbers, 17 of earth, 33 
ftandard acid and 50 of water. 

Hence ??* — 100 parts pure magnefia take up 194 of vitriolic 
ftandard, and fliould afford 589 of cryftallized Epfom. 

Mr. Bergman found 100 parts Epfom to confift of 19 of earth, 
33 of the ftrongeft acid and 48 of water. Whence by him 100 
parts of this earth fliould take up 173,7 nearly of the ftrongeft 
acid, and produce 546 parts of cryftallized Epfom. 

Herb the difference between our refults is apparently but 
fmall, refpe&ing only the proportions of earth and water, he 
attributing two parts lefe both of earth and water > but though 
our exprejfion relatively to the proportion of acid is the fame, 
yet our meaning is very different; for he means 33 parts of an 
acid of the fame ftrength as that found in tartar vitriolate, 
and I mean only ftandard -vitriolic acid, which is much weaker, 
as 1 bo parts Epfom contain but 29 parts of an acid of the fame 
concentration as that found in tartar vitriolate. This helps to 
explain a circumftance which appeared very fingular to Mr. 

Bergman : 
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Bergman : In deccanpoiing Epfom; ;falt». he obferved that although 
45; parts p£? cajufiic vegetable ^Ikalji we^e.neceffary to^ effe^ the 
decompofition of ioo parts of.Epfpm, only 39 parts tartar jvitrio- 
late -could be~ obtained. Neverthelefs, according to his own 
determination T of the compofitions i of . Epfqm, , fait ,. and tartar 
vitriolate, ; 82^ gr$. of tartaj;, : yitriolate ^fhould have, been formed, 
for by f&isiacoa^nt^o parts of j the $fpngef|; vitriolic acid fhould, 
if there {be. %-|fufpjcif^cy. pj^yegetable alkali, form. <!£© of tartar 
vitr&latei confequeatly,. 33 Y parts of that acid» .which exift in 
100 parts of Epfom fa^t,-. meeting with more alkali than they 
reatfire, F fhQuld jModuoe -gafiof tartar vitriojate, and j©£ onjy 30 
of this fait '.can ,be recovered. Thisr J$r.< Bergman^ atjribuje^ to 
an excefs of alkali which pievents the, re^ainder^ of the tartar 
vitriolate (viz. imparts) irpm , cryJalUzing ; yptjhy ..his^wn 
account, this exce& -amounts - oj^ly; to . a .grs, fo^ jfjnc£ by him 
40 parts of the acid take up 52 of alkali, 33 parts of the fame 
acid fhould take up 42,9, and the whole quantity of alkali is 
but 45, By my determination of the proportion of ingredients 
in thefe falts this phenomenon is . more iliteHigibkl, v i>do parts 
Epfom contain 33 of flandard vitriolic acid, which are equivalent 
toi 29J o£ fuch^acid; as exifts in tajfar viitrjolate.,: and,; consequently 
fhould produce only 64,4 parts of tartar vitriolate ^ bu* 64 of 
tartar vitriolate contain but 35 of mere alkali, confequently 
id parts uncoinbined alkali ^remain, which; may T pofl^^y embarrafs 
thfetifyCUlUzatifHi of ,ft34 jofrjjartar violate, if fo muph-.more 
be dTprmed, which if rather 4o u ^^» .^^ ,^g f parts, tof c^uJftic alkali 
may not fUfhifli; fuch an excefs as may be xequifite toidecompofe 
the kit portions of Epfom. 

Vol. IV. I This 
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This experjrfieilt feems a -ft Mr proof of the inaccuracy of Mr, 
Bergman's <5ctermiiKrtion of tht"pk)p6fiian of ingredients in thefe 
tWlfait&i fipfom arid tartar" violate. 

M'ft. Wenzel informs us that '24a grs. of his fpifit &( vitriol 
were faturated by too of aerated- magnefia, and that ; ihis fclution 
furriiflled 'Hnri !l 2^^>rpalMwi tepfcm. 246$^ ef r tfos mag- 
nefia he eWployett loft in W lortg fcoritiriued- #ed heat' 140 ^rs» 
Jience he concludes the proportion in half an ounce of cryftalfecd 
Epforri'to be^o;«; gfs.'of pure earthy 73J6 r of 'the fi&ngeft JaCkt 
arid z %£& "^ c# "^w&l5Sr» J ^%l^rl^nae_''x dt^'paijrtiK^^^doxnt-' 46Mi«Ad -idWfittObEk "^HS^^^f 
of Ca^'^^^Wa&'knd^a^ : rf , ^fei'P- ! ' f ri(iBftSftli!'^b«»-'not 
differ mueh ; ^nV : rniriei arid wef^have afreatfy'^eenf that 31,5 of 
his ftrohg acid'ate equivalent" to '35^3 of ftandardy confdquently 
36,^6 are eigual to '34,3 of ftandard; arid^he remainder, viz. 51,13* 
is water. 



Of fa jltfatien tf tie ^Nitrotu AM fa Magnate* 

1 rtwmrtbre rck> parts fmrc ftagnelfe take ^np fl 86 of the 

nitrous ffehdarn*. 

Mn.WeriieJ found that 77 grs. xjf aerated magneia (aturaled 
240 of ; his T nitrouS acid, "which contained 182,5 <$ ffe* DbfongeJi 
acid. Whence he conckdes, that as ffcifr ^arth JMtiteia& 0^417 
of its wei|ht of mere earth, 1 60 parts pufe «ar#Mt8fe|e up 257 
of his ftrongeft acid ; but if we fuppofe ihe aerated raagnjeiia tc 
contain 0,45 of its weight of pure earth, then 34,65 parts of it 

took 
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took up 82,5 of his ftrongeft acid, and 100 (hould take up 238, 
equivalent 'to %64. of ray flandard. 



Of the Relation of Marine Acid to Magnefia. 

By my experiments 100 parts pure magnefia take up 2/5,8 
of the muriatic ftandard. According to Mr. Wenzel, 106 grs. 
of aerated magnefia feturated 240 of Mr fpirit of fait, which 
contained 54 grs. of Ms ftrongeft acid, equivalent to tU of 
ffetidard. But if his mfaghefia contained 45 of its weight of 
parb earthy then 166 contained but 47,7, and iff tha* cafe roo 
parts pure magndfistfltould take up 234 df the marine ftandard. 



Of Mum. 

Thb proportion of ingredmita in this fait I endeavoured to 
difcoter by ctecompofthg it 

1*. To afcertain the proportion of eartn, I diffblved 480 grs. 
of that fait iff a#Boi*>f watclr, *n4 prepaf^tated tho earth by a 
folutkm of atiid„tdlatile Jtltftliy b*$h being heated^ the precipitate 
after edulcoration was heated to 465* it weighed 141 grs. Hence 
100 parts allum contain 29,37 of earth in that ftate of drynefs 
which the heat abovementioned can produce. 

a"** To find the .proportion ©f water of cryftalliaation* I dif- 
tiHed fSo grs. of anHim iff ft neat of 4©y and obtained 200 gR?. 

la of 
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of water perre&ry infipid. Hence it would follow that ioo 
parts allum contain 41,66 of water of crystallization j but having 
calcined ioo grs. of allum in a fand heat where the evapora- 
tion was freer, I found the lofs of weight to be 4$»H, but then 
the laft drop was acid. Hence I conclude the water of cryftal- 
lization to amount to 44 per cent. 

THr refidvwjm of- ioo parts, cryftalUzed allum, amounting to 
26,63 grs muft therefore have been mere acid, or acid ftill retaining 
a quantity of water not tfparajjje hy r a heat of 465°. To refolve 
this doubt I made a fokrtio^ pf ion grs> eryltelU&ed allum in 
1600 of water, heated it to 200% and gradually added. t;o it a 

folution of mild vegetable alkali, which contained — — of its 

weight of mere alkali, being tip: fame I ufed in forming tartar 
vitriolate, &c. I continued adding this as long as any effer- 
vefecrice appealed, maki^theirnijrtwe -to? bail}: the quantity em- 
ployed and neceffary to faturate the acid was 90 grs. that is 

_22. F =21^ grs. of mere alkali. Now we have already feen 
4,186 

that 100 parts mere- vegetable alkaii * take up: 9& of the vitriolic 

flandard, therefore 21,5 grs. of pure vegetable alkali take up 



"When allum is decompofed by aerated alkalies without boiling, (and a fortiori 
in cold) a fmall part only of the acid is Separated, the greater part of the alkali unites 
withont lelng ltd air to the precfipitate, forming a fait compofed of aerated alkali, 
wueth^ind vitriolic )S^id^ when the earth is properly feparaied it falls in a granular 
and not in a flaky ftate. 
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19,78 of this ftandard; this therefore is the quantity of ftandard 
in 100 parts of the cryftallized allum. The remainder there- 
fore of the 26,63 parts refiduum juft mentioned, viz. 6,85 grs. 
are mere water retained by the ftandard acid. 

Hence the proportion of ingredients in 100 parts cryftallized 
allum is, 

Earth - » - - 29,37 parts. 

Standard acid - .. -. *9»78 

Water retained by the ftandard acid - 6,85 

Water of cryftajlization - - 44>oo 



100,00 



or in other words, 100 parts allum contain 29,37 of earth, 
26,63 of acid, whofe fpecific gravity is 1,7509, and 44 of water 
of cryftallization. 

100 parts burnt or calcined allum contain about 52,3 of 
earth, 35,2 of ftandard acid, and 12,5 of water. 

According to Mr. Bergman, ioc parts cryftallized allum con- 
tain 18 of earth, 38 of acid, and 44 of water. It is probable 
he heated the earth to a very high degree, for in a red heat it 
retains the fame weight as at 460 , but as to the quantity of 
acid it is certainly inferior to the weight he affigns, if Mr. Weniel's 
and my own can be relied on. 

Mr. 
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Mr. Weiizel deuompofed 48d gra. of allum by the nitwras 
folution of lead, through a dauble acuity. The precipitate 
which confirmed of vifrtoi of lead, weil W&fbed.ln warm tvater 
and dried in a red heat, weighed 144. grs. and this he ftrppofed 
contained all the acid in the ounce of alhim. Now by a former 
experiment be found that 24#-gm of Vitriol of tead contain 
72,57 of the ftrongeft vitriolic acid, that is 30,23 per cent, afftd 
hence 144 grs. of this fait contain 43,54. This then he Gon- 
cludes to be the quantity contained in an ounet of aJltinl j at 
this rate 100 parts allum oorittttk only 9,07 ^of the : ftfOWgeft 
acid. This enormous difference evidently ptOGSedg Ifort^thef de- 
fective method employed by Mr. Wenzel, for i» if the folution 
of allum were evaporated to drynefs, the nitrous allum was ne- 
ceffarily mixed with the vitriol of lead, and in warning it away 
much of the- witrioi «f lead mah htfve been carried off, a*ad if it 
were nbt eraporiifed to dtynvfo palt of the vitriol ©f lead 
remained in the folution. However, to find a more feeure method 
of ufing this ufeful precipitant, which operates much quicker 
than any BftPftic fbtaftori, I repeated this experiment. 

For this purpofe I diflblved 30 grs. of lead in 400 grs. of 
fijttows teid, 1*1477 dilwted with aoo of water in a heat of 90 , 
37 gfk'iiwere loft, by «va£o*atian or au, the remaining 623 gr«. 
eomaihdd 3a oi Isad. 

J WlIEN diflblved 100 grs. of allum in 1600 of pure water, 
and placing it in a fand heat gradually added the folution of lead, 
as the precipitate fettled and the liquor evaporated ; when the 

whole 
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whole was reduced to half a fpoonful I found that 235 grs. of 
the folution of lead had been ejopioyetf ; the refiduum evidently 
contained vitriol of lead, as it appeared to form a pellicle on the 
furfacc of the liquor. 

Now fince 623 grs. of the folution of lead contained 30 of 
lead, 235 grs. of this folution mull have contained 11,31. And 
iince in vitriol of lead 70 porta lead indicate the pretence of 30 
of the ftrongeft vitriolic acid* (in which ftatement both Meflr*. 
Bergman and Wenzel agree), the prefence of 11,31 grs. of lead 
indicate the prefence of 4,84 of this ftrongeft acid. We have 
already feen that the ftroageft vitriqlic acid is to the ftandard 
acid as 82 to 92, then 4,84 grs. of this acid arc equivalent to 
5,4 of flandard, which is ftill far below the truth. 

As to the quantity of earth, Mr,. Wenzel found by precipitating 
the earth contained in a» ounce of aiUum by a fixed alkali, that 
it amounted when dry to 140 ears- that is 30 per cent, as I had 
done. But in a ftrong heat continued for two hours the whole 
was reduced to 90 gcs. & then wo parts allum fhould contain 
aeaih/ 19 oer oeat. of earth. Then the ao,7$ grs which exifted 
in the degree of defecation. 1 employed might be Ecdjwed to 19 
For 140. oo::a<j,7«8.i9 neariy*. 

Of 



* From the proportifciw here rigRxosfly tfctccmiord* it sp^sati th«t;foj©e afijthe 
pofijjons in my late paper on the alkalies ufcd in bleaching are not exatt. 
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Of Vitrkl of Iron. 

250 grs. of cryftallized vitriol of iron expofed to a fand heat 
of 420 became of a dirty white colour, and loft 98 grs. of its 
weight, that is 39 per cent. 

480 grs. of the cryflailized vitriol of iron diftilled in a fand 
heat of 460* became grey and loft 191 grs. of water (lightly 
acid, that is 40 per cent. 

Hbmci I conclude that 100 partr vitriol of irvn contain 39 of 
water of cryftallization, the aeldity indicates about 1 gr. of 
acid. 

I then diflblved too grs. of the cryftallized fait in 3 ounces 
of water, and gradually added to it the teft alkali, the lame I 
ufed in the decompofition of aflum. In the temperature of 6o° 
there was no efrervefcence, though a greyifh precipitate appeared j 
but when the fofution fell a heat of 120 a flight quantity of 
ah was dii'engaged, whieh increafed as the heat approached to 
that of boiling, fo that here alfo a compound fait was formed. 
T constantly afterwards made the iolution boil as long as anv pre- 
cipitate appeared, and thus found that 133 grs. of the alkaline 
iolution were neceffary to precipitate the whole of the iron, that 
is 31,75 grs. of mere alkali, which indicates the prefence of 
26,13 of the ftfongeft acid or 29,21 of ftandard. 

The 
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The precipitated cabs, edulcorated and expofed to a red heat 
for three quarters of an hour, weighed jOjj grs. or rather 31, 
(as that flight lofs may be prefumed during the edulcoration.) 
This calx was of a deep red colour, aad as fuch caljf affords 
about 72 per cent of iron, thefe 31 grs, were equivalent to 
22,3 of metallic iron. 

Hence the proportion of ingredients in 100 parts cryftallized 
vitriol of iron are, 

Iron - - - 32,32 parts. 

Standard acid - - - 29,2 1 

Water united to the ftandard acid - 9,47 

Water of cryftallization - - 39,00 



r 00,00 



Hence 100 parts iron require 130,85 of the vitriolic ftandard 
for their folution. 

According to Mr. Bergman, 100 parts vitriol of iron contain 
33 of iron, 39 vitriolic acid, and 38 of water of cryftallization. 

This account may eafily be reconciled to mine, by fup- 
pofing what is certainly true, that what he calls the acid part, 
i* not of *he fame ftreogth as the part that is fo called in 
tartar vitr ; obte, but is only that part which does not include the 
water of cryftallization. For if we add the 9,47 parts water 

Vol. IV. K united 
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united to the ftandard acid to the 29,21 of ftandard^ we fliall 
have 38,68 of an acid, whaft fpecific gravity is 1,7178, 

Mk< Wenzel gives no account of the compofition of vitriol, 
but barely relates that 240 grs. of bis fpirit of vitriol diluted 
with 240 of water diflblved 55,25 of fteei. Now we have 
already feen that 240 grs. of his fpirit of vitriol contain 84,19 
of my ftandard, and hence it would appear that 100 parts fleel 
mould require for their folution 152 of vitriolic ftandard. 
This feeming deviation from my refult is to be attributed to 
his having expofed to the aclion of the acid a larger proportion 
of iron than it could diflblve, the undiflblved part neceflarily 
retained a portion which he could not eftimate. 

To diftolve iron rapidly the quantity of water fliould be to 
that of the ftandard as 5 to 1 ; if it exceeds the proportion of 
7 to i the folution will be very flow. 



Of the Quantity of real Acid in the different Standards. 

By real acid, I do not mean an acid abfolutely divefted of 
all water j perhaps water may be effential to the acid properties 
of all acids, as it certainly is of fome of them ; I barely 
denote by that appellation the ftrongeft acid known to exift, 
whether in a combined or in a feparatt ftate ; for inftance, the 
vitriolic acid, as it exifts in tartar vitriolate ; by recurring to the 

obfervations 
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obfervations made in treating of that fait, cubic nitre and fait 

of fylvius, we fhall find that 

ioo parts vitriolic ftandard contain - - 10,71 of water, 

100 parts nitrous ftandard contain ■ - 26,46 of water, 

1 00 parts marine ftandard contain - - 48,5 of water. 

T&e portions of water here mentioned are fuperfluous to 
the constitution of thefe different acids, which as we have 
feen may exift without them ; nence we may find the quantity 
of real acid included in any quantity of ftandard ; in vitriolic 
acid by multiplying the quantity of ftandard into 0,1071, in 
nitrous acid by multiplying into >,2046, &c. and fubftracling 
the product from the given quantity of ftandard. 

TABLE I. 

Of the Proportion of Acid abjorhed by different Bqfes. 



too Parts. 


VirriaKe 

Acid. 

Standard. 


Nitrons 

Acid. 

Standard. 


Marine 

Acid. 

Standard. 


Vitriolic 
Acid. 
Real. 


Nitrous 
Acid. 
Real. 


Marine 
Add. 
Real. 


Pure Vegetable alkali - 


92 


120 


"5 


82,1 


88,3 


59>3 


Mineral alkali 


143 


171 


145,92 


127,7 


136 


75»*9 


Volatile alkali 


227 


3*7 


247 


202,6 


240,4 


127,25 


Lime 


124 


258,5 


104,72 


11 0,6" 


190 


53.94 


Magnefia 


194 


286 


215.8 


173** 


210,3.3 


111,2 



K 2 



TABLE 
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TABLE II. 

Of the Proportion of Bafts abforbed by the different Acid Standards* 



ioo Parts. 


Vegetable 
Alkali. 


Mineral 
Alkali. 


Volatile 
Alkali. 


Lime. 


Magnefia. 


Vitriolic acid - 


1 08,7 


70 


44 


80,6 


56,6 


Nitrous Acid - 


83>33 


5»,4 


3 '58 


38»4 


34,9 


Marine acid 


87 


68,5 


40,48 


95*4 


46,3. 



TABLE III. 



Of the Proportion ofBq/is abforbed .by the different Real Acids. 



100 Para. 


Vegetable 
Alkali. 


Mineral 
Alkali. 


Volatile 
Alkali. 


■ Lime. 


Magnefia. 


Vitriolic Acid ... 


121,8 


78>3 


49*3 


90,4 


57>7 


Nitrous Acid ... 


"3> 2 


73>5 


41,2 


53,6 


47> 6 


Marine Acid - 


168,6 


133 


78,5 


185 


89,9 



I do not pretend that thefe numbers are rigoroufly exact,, 
for many decimals are omitted, to fay nothing of inevitable 
errors, but I think them ufeful approximations. 



TABLE 
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TABLE IV. 

Of the Proportion of Ingredients in different Satis. 



i oo Parts, 


Alkali. 

1 


Water of 
crystalli- 
zation. 


Acid *. 


Tartar vkriofcite - 


55 


--* 


4s equivalent tir 50,49 ftaada'rdV 


Nitre 


■ 


■ — 


53,85 equivalent to 55,7 ftandard. 


Salt-of Sylvius 


64,2. 


- 


353 equivalent to 73 ftandard. 


Glatibe^s faft 


241 1# 


*»r$ 


34,54 ftandard* 


Cubic Nitre 


42,35 


— 


57,65 equivalent to /# ? 3 3 ftandard. 


Common fait - ■ 


53 


— • 


47 equivalent ta 73,33 ftandardr 


"Vkriofic ammoniac « 


37*8 


IOjM . 


62^47 ftandard. 


Nitrous ammoniac - 


*4 


; 


76 equivalent to 78 ftandard,. 


Common fal ammoniac 


27,62 


3> 8 9 


68,49 ftandard* 




E^rtfe ox 
iMetal- 




Selenitic - 


34? 


25 


43 ftandarcL 


Epfom 


*7 


5° 


33 ftandard. 


(ilium 


z 9>37 


44 


26,63 containing ra,78,ftandar«L 


Vitriol of iron 


W,$* 


39 


$£8 containing 89*2 * ftandaf<&- 



I ft f.J IH it 11 . ft. 



Br 

* The acid here mentioned is lometinies the ftrongeft, and fometimes intermediate: 
between the ftrongeft and- ftandard, but its ftrength may always be known by its 
lelatio n to the ftandard.- 
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By viewing the quantity of each ipecies of real acid taken 
up by any particular bafis, in {he firft table, it is eafy to 
perceive that this quantity does not exactly follow -the- hitherto 
prefumed order of affinities betweert What bafis and the different 
acids, as I had ftated it to do in a prior diflertation. My 
former opinion was grounded, it is true, on experiments, but 
thole experiments themfelves were accompanied , with inac- 
curacies unfulpecled not only by myfelf but by all other 
experimenters, and moreover combined with an hypothefis relative 
to the quantity of real acid, which I have fince found to be 
fallacious. Mr. . Morveau, however, in a very mafterly difler- 
tatipn pn affinities, publifhed in the New Encyclopedia •, has among 
many juft exceptions to my theory made fome few obfervations 
wMch do itot appear to me to be well, founded. As the remarks 
I have occafion .to make thereon c are , intimately connected wkh 
the fubjec"r. of this paper, and tend to illuftrate it, I hope I fhall 
need no other apology for introducing them. 

Firft, I mentioned on a former occafion, that, according to 
Mr. Bergman, alkalies took up more of the vitriolic than of 
the nitrous acid, and more of this than of the marine; but 
that, according tp Mr. Wenzel and Dr. Plummer, this did not 
Happen. Mr. Morveau thinks this obfervation unfounded. 
The following table will enable the reader to decide. As Dr. 
Plummer was unacquainted with fixed air, and confequently 
made no allowance for it, I fliall omit his experiments, and in 
their room exhibit thole of Mr. Wiegleb, who being acquainted 

with 
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with the opinion of Mr. Bergman, and with the method he 
propofed for making thefe experiments, purfued that method 
exactly, with a view of afcertaining the fact in queftion. 



ioo Parts 
Pure vegetable' 
alkali take up 
of 

roo Parts 
Mineral alkali 
take up of 



■"Vitriolic acid - 
Nitrous acid - 
Marine acid - 

"Vitriolic acid -, 
Nitrous acid - 

.Marine acid - 



By Bergman. 


By Wenzel. 


BjrWiegleb. 


78,5 


82.63 


101,92 


64 


107,8 


"5^3 


51 


54*0 


*s* 


177 


125,87 


la 9>3 


*35>S 


166,6 


139 


!25 


&J.9 1 


87,5 



— ui ., ■ . . 



Here it is evident that both Meflrs. Wenzel and Wiegfeb 
agree in anerting that both alkalies take up more of the 
nitrous than of- the vitriolic 1 acid, contrary to tike .riTertion of 
Bergman. Mr. Morveau allows tmV as to Wenzel, bur thinksr 
that he was miftaken, yet he follows exactly the method of 
Bergman, Mft-Morveau thinks that nitre and Cubic nitre, when 
barely melted, retain a considerable portion of water, which Mr. 
Wenzel added to the portion of acid they contain; but it is 
certain, that inftead of lofing water in fuch heats they lofe 
part of their acid, and confequently this fliould be diminifhed 
rather than increafed. Nor does it appear that Wenzel applied 

a lower 
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a lower heat than Bergman, and it is certain that Wiegleb 
eonftantly applied a red heat. 

Secondly, In a paper on the attractive powers of acids, inferted 
in the tranfaclions of the Royal Society for 1783, I obferved 
that the characteriftic mark of faturation confifted in the 
loft of fome peculiar property of the faturating bodies, and 
that neutralization expreffed the faturation of each of the 
Combined principles ; as an inftance of the firft I adduced 
the cafe of the faturation of an acid, which is judged to 
take place when it lofes the property of reddening certain 
vegetable blues, this being the teft univerfally applied and 
admitted in this cafe. This inftance Mr. Morveau thinks 
not fufficiently precife, for in this Venfe he thinks there 
ihould exift combinations without faturation, which is repug- 
nant to the principles of affinities, and contrary to obfer- 
vation ; thus, fays he, " there is a precife term for the com- 
*' bination. of a concrete acid with water, and of a concrete 
" acid with a fluid acid, and yet the property of affecting 
" colours is far from being effaced." As to the firft inftance, 
I do not think that an acid can be faid to be faturated with 
water (an expreffion indeed very unufual) as long as it retains 
its tinging property ; and as to the fecond, I confefs I am not 
acquainted with the effects of the affinities of acids to each 
other. 

« But 
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**■ But (continues Mr. Morveau) it cannot be doubted but a 
u mutual faturation takes place in cream of tartar and other 
" falts that take up an excefs of acid between thofe falts in 
"their neutral ftate and that excefs, and yet they affect Tourn- 
" fole." In this cafe I allow the neutral falts are indeed 
faturated and fuperfaturated with the acid, but I am far from 
thinking that the ifuperabundant acid is faturated with the 
neutral falts ; a fure >fign that it is not fa faturated is, that if 
it be: duly prefented to a further quantity of the fame neutral 
fait it will be divided between them. 



Application of the foregoing Principles to mifcellaneous Experiments. 

The determination of the quantity of ftandard or real acid 
in mineral acids, and that of the proportion of ingredients in 
neutral falts, being fubjects of great nicety, the firft never before 
undertaken by any, and the fecond undertaken only by a few, 
and affording difcordant refults, neceffarily infjpire diffidence, 
until the accuracy of fome of thefe refults be confirmed by 
collateral and general experience. To remove thefe doubts, 
by proving that my principles accommodate themfelves to the 
moft exacl experiments hitherto made, I have already quoted 
the experiments of Mr. Cavendifh, and fhall now produce a few 
made by MefTrs. Berthollet, Morveau and Woulfe. 

Vol. IV. L Mr. 
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Mr. Berthollet* took 288 grs. of nitre and 72 of fulphur ; 
after expofing them to a fufficient heat he found 12 grs. of 
fulphur fublimed, and in the retort 228 grs. of tartar vitriolate. 
He already proved in a preceding memoir "f, that nitre is 
entirely decompofed by i of its weight of fulphur, which is 
the proportion here employed, therefore we mull fuppofe that 
288 grs. of nitre contained as much alkali as 228 of tartar 
vitriolate, and no more. Now by my computation 288 grs. 
of nitre contain 132,96 of mere alkali, and 228 grs. of tartar 
vitriolate contain 125,4. So that if I am miftaken, it is in 
attributing too much and not too little alkali to nitre, and my 
error is only 7,6 grs. in 288 of nitre, or 2,6 per cent. 

By Mr. Bergman's computation 288 grs. of nitre contain 
141,12 of alkali, and 228 grs. of tartar vitriolate contain only 
118,56; fo that his error amounts to 22,56 grs. in 288 of nitre, 
or 7,8 per cent. 

I now proceed to examine the accuracy of our refpedlive 
computation of the proportion of acids in thefe two falts, ftill 
taking Mr. Berthollet's experiment as the criterion. 

In this experiment the fum of the ingredients was 288 + 72 
= 360 grs., but the fum of the produces was only 288+12 
= 240 grs. ; therefore 120 were loft or diflipated in air. And 

Mr. 

•* Memoirs, Par. 1782, p. 603. t Mem. Par. 1781, p. 232. 
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Mr. Berthollet, in a prior experiment, found this air to be 
nitrous mixed with a fmall quantity of pure air. Now by my 
computation 288 grs. of nitre contain 155,08 of nitrous acid, 
which is the fubftance, of which part is dimpated in air, and 
of which part acidifies the fulphur, and 155,08 — 120=35,08, 
this then is the quantity which on my principles fhould be taken 
up by the 60 grs. of fulphur which are converted into vitriolic 
acid, and 60+35,08 = 95,08 fhould be the quantity of acid that 
faturates the alkali of 228 grs. of tartar vitriolate ; but again, 
by my own computation 228 grs. tartar vitriolate contain 102,6 
of the ftrongeft acid ; fo that the difference between Mr. Ber- 
thollet's experiment and the refult afforded by my computation 
is only 7,52 grs. in 360 of ingredients, that is only 2,09 per 
cent. By Mr. Bergman's computation 288 grs. of nitre contain 
but 95,04 of nitrous acid, which is palpably erroneous, as this 
amount does not even equal the loft, this being 120 grs. as we 
have juft feen ; befides, 228 grs. of tartar vitriolate contain by 
him 91*2 of vitriolic acid; of this quantity, in this cafe, the 
fulphur furnifhes 60 grs. and the remainder, that is 31,2 grs. 
(the acidifying principle^ is furnifhed by the nitrous acid, all 
the, reft of the nitrous acid, viz. 60 grs. fhould be loll or 
diflipatcd, confequently the lofs fhould be 60 grs. ; but by the 
experiment it amounts to .120, therefore in every point of view 
the computation is erroneous. By this experiment it appears 
that 60 grs. fulphur are acidified by 35 or 36 of pure air or 
100 grs. of fulphur by 60 of pure air, forming therewith 160 
grs. of vitriolic acid. Hence too grs. of thi» acid in its^ ftrongeft 

L z ftate 
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ftate fhould contain 37,5 of the acidifying principle, the remain- 
der being fulphur j but as fulphur is capable of different degrees 
of acidification, the limits of the quantity of pure air taken up 
by 100 grs. of it feem to be 50 and 60. 

Mr. Berthollet attempted to find the compofition of vitriolic 
acid in another manner. He boiled 288 grs. of fulphur in flrong 
nitrous acid; 199 grs. remained untouched, 89 only were acidi- 
fied. He diluted the whole, and dropped into the liquor the 
folution of marine barofelenite, and thus obtained a precipitate, 
weighing after calcination 920 grs. Now according to Bergman 
this fait contains 0,15 of its weight of the ftrongeft vitriolic acid*, 
therefore 920 grs. of it contain 138. This refult does not dif- 
fer much from the laft, for if .100 of fulphur afford when acidi- 
fied 160 of the ftrongeft acid, 89 parts fulphur fliould afford 142. 
The acidification then is fomewhat flighter. 

This excellent chemift proceeded ftill further ; he endeavoured 
to find the quantity of this ftrong acid in oil of vitriol, whofe 
fpecific gravity was 1,7881- With this view he poured 288 grs. 
of this acid into a folution of lead in the nitrous acid, the pre- 
cipitate exactly dried weighed 792 grs. Now according to Mr. 
Bergman vitriol of lead contains 0,28 of its weight of vitriolic 
acid when exactly dried^, therefore in this cafe 792 contained 

221,76 

* Bergman, p. 420. 
% 1 Bergm. p. 105. It is true he elfewhere fays it contains 0,3 of its weight of 
acid, but that is when it is dried in the heat of 21 a". See 2 Berg. p. 392 and 406. 
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221,76 parts of the ftrongeft acid, therefore 288 grs. of oil of 
vitriol, whofe fpecific gravity is 1,7881, contain 221,76 grs. of the 
ftrongeft acid, that is 77 per cent. I do not know at what tem- 
perature the fpecific gravity was taken, but fhall fuppofe it to be 
at 1 5 of Reaumur, as is very ufual in France, that is 65 ,°7$ of 
Farenheit, its fpecific gravity would then be 1,7917, at the 
temperature of 60% for which my table was formed, and confe- 
quentjy fhould contain 83,6 grs. of ftandard. Now 77 grs. of the 
ftrpngeft acid, are equivalent to 86,4 ftandard, for 82.92:: 77.86,4, 
therefore the difference of Mr. Berthollet^s refult and that afforded 
by my table is only 2$ grs. and if the chance of an error 
in both our refults be equal, the difference will be only 

i>4gr- 

I must not diffemble however that there is an experiment of 
Mr. Morveau's totally irreconcileable with my table* : He took 
58 grs. of vitriolic acid, whofe fpecific gravity in the temperature 
of 8,5 of Reaumur, equal 51V2 of Farenheit, was 1,841, and 
dropped into it a folution. of acetous barofelinite ; he found the 
precipitate, after calcination in a red heat for half an hour, to 
weigh only 110,3 g* 8 * which according to Bergman indicates 16,54 
of the ftrongeft vitriolic acid in the 58 grs. of the oil of vitriol j 
and if 58 contain but 16,54, 100 grs. of this oil of vitriol 
fhould contain but 28,5 of the ftrongeft acid, or 32 of 
ftandard. 

This 

* Encyclopod. p. 59a. 
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This experiment I make bold to fay is fallacious, for the acid 
whofe denfity at 51 was 1,841 fhould have diminifhed only to 
^836 in the temperature of 60 9 , and 100 grs> of it fhould then 
contain 87,5 ftandard, or 77,99 of the ftrongeft acid. The con- 
clufion from this experiment is therefore not only incompatible 
with my own but with that of Mr. BerthoUet juft mentioned, 
and I believe the caufe of this miftake lay in his having poured 
the barytic folution into the acid inftead of pouring the acid 
into the barytic folution, as Mr. BerthoUet had done in preci- 
pitating the folution of lead, or not applying a fufficiency of acet- 
ous barofetinite. 

The next inflance I (hall produce, of the agreement of my 
principles with the moft exact experiments, is. the decompofition 
of common fait with the refultirtg products, as accurately executed 
as ingenioufly contrived by that moft fkilful manipulator and 
fcientifie chemift Mr: Wouife, in the Ptiilofophical Tranfa&ions 
for the year 1767. In his third experiment he employed 14 lbs. 
avoirdupois of common fait arid 14 lbs. of oil of vitriol, which 
had been bfevibufly diluted With 7 lbs. of water, and diftilling 
the mixture with a gentle heat, gradually increafed, he obtained, 
in the immediate receiver denoted ih his plate by the letter C, 
lilbc icvbz. offpirit of feh, arid fbtmd the ffibre diftant re- 
ceivers or bottles containing water deftined to condenfe the more 
volatile fumes to have increafed in weight 3 lb. 10. oz. and the 
refiduum in the retort to have weighed 19 lbs. 40Z. all avoirdu- 
pois weight. 

Thus 



Thus - Ingredients employed. 

lbs. 

Oil of vitriol - 14 

Common fait - 14 

Water - 7 

Total - 3$ 
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Frodu&s obtained. 

lbs. oz. 

Spirit of fait in .the receiver C -11 10 

Condenfed, vapours of do. in bottles 3 10 

»9 4 



Refiduum in the retort - 
Total 
Lofs 



34 



35 



Hence it is plain that 7 lbs. of water were difperfed among 
all the products. 

To difcover the relative ftrettgth of the marine acid in the dif- 
ferent receivers Mr. Woulfe made the following experiments : 

First, 4 ounces of oil of vitriol, whole weight was to that of 
water as 2+ to 13, faturated lib. 10 oz. 7drs.=ii566 grs. of a 
fixed alkaline folut ion, which ferved as a teft, and which I fup- 
pofed.to have been formed of vegetable^alkali. 

Secondly, 4 ounces of the {pint of fait in the receiver G Fa- 
turated 12,5 of that alkaline folution. 

Thirdly, 4 ounces of the condenfed vapours, that is, a quan- 
tity of water which contained fo much condenfed vapour, fetu- 
rated 38 ounces of the alkaline fomtion. 



Fourthly, 
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Fourthly, To difcover the proportion of vitriolic acid carried 
over with the marine in his different receivers, he faturated 4 
ounces of each product with whiting, taking up the undiffolved 
part with diftilled vinegar, by thefe means he found that 4 ounces 
of the fpirit of fait in the" receiver C afforded half an ounce and 
24 grs. of dried felenite, but the bottles (or more diftant receivers) 
contained none. 



THEORY. 

I must firft premife that the fpecific gravity of the oil of 
vitriol employed in decompofing the common fait is not men- 
tioned j fince it is not, I muft fuppofe it to be the fame as that 
he employed in faturating the alkaline folution, whofe weight 
being to that of water as 24 to 13, its fpecific gravity, if taken 
at 6o°, was 1,8461, which indicates by my table 88,3 per cent. 

ftandard, 

grs. 

Confequently four ounces Avoirdupois - - = 1 750 

Contained of ftandard acid 1750x0,883 - - 1545 
And fince 100 parts pure vegetable alkali take up 
92 of the vitriolic ftandard, the quantity of al- 
kali requifite to take up 1545 of vitriolic ftandard 
is - - - 1680 

Therefore 1 1566 of the alkaline folution, faturated 

by this acid, contained of mere alkali - 1680 

Again, 
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grs. lb. 02. 



Again, 4 ounces of the fpirit of fait contain- 
ed in tie receiver C afforded 242,7 grs. 
of felenite; and fince iao grs. felenite 
Contain 43 of ftandard vitriolic acid, 242,7 
contain --«.■- 104 

Confequently the 1 1 lb. 10 oz. of Spirit of 
fait in the receiver C s=.i 86 ounces, con- 
tained of vitriolic ftandard ■ - - 4852 

I4lbs. of oil vitriol contained 14x7000 - ==98000 

And fince 100 grs. of it contained 88,3 
•ftandard, 98000 grs. of it muft contain 
of ftandard - ~ - ~ #6534 

Deduct the quantity of ftandard that $>affed 
into the receiver C - - - 5x4352 



There remained in the retort - - 81682 

Again, the quantity of common felt was 14 

pound, equal to - - - 98000 

And as loo-gre. common fak contact 53 of 
mineral alkali, the quantity of mineral 
alkali in this experiment was 98000 X 0,53, 
equal to - - - 5*940 

To which, adding 4$he ftandard vitriolic acid 
left in the ##tort> vre have $94oX ) 8*682 
eq«ai the refiduum, equal 13(8474=19 12,5 

Woi,. IV. M Which 
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Which differs from Mr. Woulfe's refult by 8,$ ounces in 
excefs, which difference may be owing to his having ufed an 
oil of vitriol weaker than I fuppofed, and consequently contain- 
ing lefs ftandard, and to his ufing a common fait not perfectly 
pure, but containing marine Epfom, whereas my calculation 
is grounded on the fuppofition of its being perfectly pure. 
And laftly, he takes no notice ©f any fraction of a pound lefs 
than an ounce; and when all the calculations here employed are 
confidered the difference of 8 in 308 oz. will appear inconfi- 
derable. 

grs. 
Further, fince ioo parts pure mineral alkali take up 143 

of the vitriolic ftandard, 51940 Should take up - 74 2 7+ 
And deducting this from 81682 in the retort, we find 

an excels of - - - - 7408 

In effect, though Mr. Woulfe fays nothing of the 
(late of the refiduum, yet Mr. Baume\ who ufes 
the fame proportion of ingredients, obferves there 
is always an excefs of vitriolic acid left in th* 
retort. 

I now proceed to examine the quantity of marine acid 
produced: Since 11 566 gr*. of the alkaline Solution 
contained (as already faid) 1680 of mere alkali, 
ia,5 oz. (=5468,75 grs.) contained 794>3S 



TMa 
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grs. 



This therefore -would have been the quantity of pure 
vegetable alkali, faturated by 4 ounces of the marine 
acid contained in the receiver C, had it not been 
mixed with vitriolic acid ; but we have already feen 
that thefe 4 ounces contained 104 grs. of the vitrio- 
lic ftandard; and fince 100 parts vitriolic ftandard 
take 108,7 of mere vegetable alkali, 104 grs. of this 
ftandard mould take - 1 13,04 

Confequently there remained to take up the marine 

acid only 794,35— 113,04 - =681,31 

And fince 1 00 grs. pure vegetable alkali require to 
faturate them 59,3 of the ftrongeft or real marine 
acid, 681 require - 404 

Therefore 4 ounces of the fpirit of fait in the receiver 
C contained 404 grs. of the ftrongeft marine acid ; but 
the receiver C contains in all 1 1 lb. 10 oz.= 186 oz. 
of this fpirit of fait ; and fince 4 ounces contained 
404, 186 oz. muft have contained - - 18786 

Again, the 4 ounces of condenfed vapors, that is to 
fay as much water as contained 4 ounces of thofe* 
vapors, faturated 38 of the alkaline folution, which 
38 ounces muft, from what has been above faid, 
have contained of pure alkali - - - 2414 

And fince 100 grs. mere alkali take 59,3 .of the 

ftrongeft marine acid, 2414. muft have taken - 1631 

M a But 



[ 84 ] 



grs, 



But the whole quantity of condenfed vapors was 58 
ounces ; and fince 4 ounces contained 1631 grs. of 
mere acid, 58 ounces mult contain - - 23649 

Hence the whole quantity of real acid was 1 8786+23649, 

equal - - - - 4 3 434 

Now by my computation I4lbs. of common fait 

=98000 grs. mould contain of acid - * 46060 

For 100 contains 47. Difference - - 2=3626 

Then the lofs is 3626 grs. j but, per Mr. Woulfe, the 

lofs is 8 ounces - - - - ^$50® 



Difference between Mr. Woulfe's experiment and my 

theory • - - - - -=126 



